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CAUSE OF DEFECTS IN EMAMEL FIRED ON CAST IRON AT TEMPERATURES 
ABOVE 725°C., I* 


By C. A, ZAPFrEe 


ABSTRACT 


A previous investigation on enameling cast iron is continued. Various wet-process 


enamels were fired at temperatures above 725°C. (1335°F.). 


Blistering and pinholing, 


even at high temperatures, were found to be caused principally by hydrogen contained in 


the iron and not by carbon oxides. 


If carbon oxides form, they do not occur in sufficient 


quantities to deface the enamels. Dehydrogenized cast iron may be fired as high as 
790°C. (1455°F.) with a direct application of sheet-steel white cover coat and at 840°C. 


(1545°F.) with sheet-steel ground coat without incurring defacement. 


The moisture 


content of certain constituents in wet-process enamels at higher temperatures causes an 
important gas effusion by reacting with the metal. The characteristics of the behavior 
of hydrogen in cast iron during enameling are compared with those of hydrogen in steel. 


|. Introductiont 

The ‘relation of pinholes in cast-iron enameling to 
hydrogen has been discussed elsewhere, and it has been 
shown that wet-process enamel fired at 725°C. will 
systematically develop pinholes or blisters only when 
hydrogen is present and that the severity of the defects 
varies directly with the quantity of hydrogen held by 
the iron. Chance occurrences of these defects, such as 
those resulting from surface irregularities and trapped 
chemical impurities, are obviously not included in this 
statement. The previous work is significant chiefly 
because it shows that carbon oxide gases are not the 
cause of pinholes. 


No tests were made in the earlier studies at tempera- 
tures above 725°C., and the only conclusion that could 
be drawn was that the carbon-oxygen reaction during 
enamel firing is ineffective up to that temperature. re- 
gardless of the condition or amount of carbon present. 
It is not assumed that no carbon oxide gases are 
formed, but they do not develop in sufficient quantities 
to cause defects in wet-process enamel. Because the 
carbon-oxygen reaction is favored by increasing tem- 
perature, it seemed desirable to find what importance 


__* This series of papers, Nos. I to V, includes the material 
in thres papers by the authors which were presented at the 
Forty-Third Annual Meeting, The American Ceramic 
Society, Baltimore, Md., April 2, 1941 (Enamel Division). 
Revised copy received December 8, 1941. 

t For the footnote references in this series of papers, see 
the Bibliography, p. 215. 
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these gases might assume when enamel is fired on cast 
iron above 725°C. 

Further tests were accordingly made along the same 
lines as those reported previously.% Two types of cast- 
iron samples of standard enameling composition were 
made. Sample No. 1 contained a maximum amount of 
hydrogen introduced by bubbling the gas through the 
melt before casting, and sample No. 2 contained a 
minimum of hydrogen obtained by bubbling carefully 
dried nitrogen through the melt before casting and by 
casting in carefully dried molds. 

The common experience in enameling cast iron has 
been that chill-cast specimens are much more sus- 
ceptible to blistering than are slow-cooled or annealed 
specimens. The most rigorous test, then, to prove that 
hydrogen is the predominating cause of blistering should 
be to enamel chill-cast iron by lowering the hydrogen 
content of the iron. All specimens in the present re- 
search were chill-cast in carefully dried molds. Accord- 
ing to the carbon-oxide theory for blistering, the nitro- 
gen-treated specimens also should behave badly because 
of the chill. The present theory, however, maintains 
that blistering is independent of the chill except that in 
ordinary practice the chill layer usually is associated 
with an important quantity of hydrogen. 

To obtain a wide range of firing temperatures and 
to ascertain the worth of “hydrogen-free” cast-iron 
enameling stock under the worst conditions, an assort- 
ment of common wet-process enamels was used which 
had been developed for various steels as well as some for 
cast iron. 
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ll. Experimentation 


(1) Firing at 730°C. 

A walnut-colored coating was fired at 730°C. 
(1345°F.) on the differently prepared plates (see Fig. 
1). These specimens showed much less contrast than 
the analogous tests in the previous paper™ using white 
enamel, probably because this enamel was less vulner- 
able to defects caused by gases than the other. The 
dehydrogenized plate nevertheless showed no blistering, 
whereas the hydrogen-treated plate was covered uni- 
formly with small blisters. 


(2) Firing at 790°C. 

Similar specimens were fired at 790°C. with ordinary 
white cover coat designed for sheet steel (see Fig. 2). 
The defect this time was a severe case of black specking 
and was confined almost entirely to the hydrogen- 
containing plate. The few minute discolorations which 
occurred in the dehydrogenized plate may have been 
caused by mechanical contaminations. If they were 
caused by gas, however, they were more likely to be a 
result of primary boiling from the reaction of remanent 
moisture in the dried slip with the iron, as has been 


Fic. 1.—-Walnut coating fired on cast iron at 730°C.; 
(A) — iron and (B) dehydrogenized 
iron; X3. 


shown elsewhere.** The nitrogen treatment, furthe<- 
more, cannot remove all of the hydrogen, and the dif- 
ference in the degree of black specking may therefore be 
only a measure of the difference in the hydrogen content 
of the two specimens. The results are not those to be 
expected from the usual theories of gases which are 
liberated during the firing of enamel on cast iron. 
Even more remarkable is the fact that an ordinary 
sheet-steel enamel was fired directly on cast iron with 
freedom from such defects. How then can the low 
carbon in sheet-steel enameling stock be responsible for 
defects in this same enamel when it is fired as a cover 
coat applied over a ground coat on steel? 

When chilled cast iron is annealed or slowly cooled, 
the cementite in the chill layer decomposes to liberate 
both carbon and hydrogen. The hydrogen localizes 
and escapes in part just as it does in steel where the 
movement of the gas may be marked by the appearance 
of ‘‘flakes’”’ or “‘white spots.”*' When enamel is fired 
on a partially annealed cast-iron plate, therefore, it 
may appear as shown in Fig. 3. Blistering has de- 
veloped in patches over those zones that still contain an 
appreciable quantity of hydrogen. 


Fic. 2.—Sheet-steel white cover coat fired at 790°C. 
directly on cast iron; (A) hydrogen-containing speci- 
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men and (B) dehydrogenized specimen; 
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Fic. 3.—Hydrogen-containing plate ooled slowly and 
fired with sheet-steel cover coat as s+.own in Fig. 2; 


Fic. 4.—Sheet-steel ground coat fired at 840°C. 


on cast iron; (A) hydrogen-containing specimen and 
(B) dehydrogenized specimen; X3. 


(1942) 
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(3) Firing at 840°C. 

A sheet-steel ground coat was next selected and was 
fired at 840°C. on samples of each type of iron. The 
results are shown in Fig. 4. When the ground coat was 
fired on steel at the same temperature, it showed no 
better surface than when it was fired on the dehydro- 
genized cast iron. The coating on hydrogen-treated 
iron, in contrast, developed the most severe pinholing. 
These results contradict the general belief as to the rela- 
tive importance of gases in enamel firing. It is signifi- 
cant that such wet-process enamel for sheet steel may 
be fired as high as 840°C. directly on chill-cast iron 
without incurring important surface defects when that 
iron is free of hydrogen. 


(4) Firing at 870°C. 


In another part of this research, a ground-coat 
enamel for sheet steel was selected for experimentation 
with fish scaling because it was particularly vulnerable 
to this defect. The clay in the slip apparently held an 
unusually large amount of water as hydrate, and large 
quantities of hydrogen were injected into the steel dur- 
ing firing. The enamel, furthermore, was glassy and 
generally sensitive to defacement. 

Figure 5 shows cast-iron specimens fired with this 
enamel at 870°C. (1600°F.), which approaches the 
highest temperatures commonly used in enamel prac- 
tice. The contrast in results was again striking, al- 
though the dehydrogenized specimen also developed 
some pimpling. There is good reason to believe, how- 
ever, that the pimpling in the dehydrogenized specimen 
is still not a function of carbon oxide to any important 
extent. This enamel, as previo ly mentioned, con- 
tains significant quantities of water which react with 
the iron during firing. Hydrogen is not absorbed by 
cast iron during enamel firing (as will be shown), and 
the hydrate in the enamel may consequently react both 
with the iron and the carbon to liberate hydrogen, water 
vapor, methane, and carbon oxides. Much of the oxy- 
gen, which is only half as abundant as the hydrogen, 
reacts with the iron ‘o form solid iron oxide. Dry- 
process enamels were not investigated, but they prob- 
ably could be fired directly on dehydrogenized chill-cast 
iron at these high temperatures without incurring de- 
fects. 

Carbon-oxide gases, therefore, do not seem to play an 
important role in developing the blister type of defects 
in enamel either on steel or on cast iron. The gases, as 
stated before, may develop to some extent, but they can 
hardly be considered to be effective in causing blisters in 
the face of the evidence which has now been presented. 
When the gases do form, a large part of them probably 
results from a reaction between carbon (or iron carbide) 
and the water of hydration of the clay in the enamel. 


Ill. Condition of Hydrogen ia Cast Iron 


Hydrogen has been shown in other studies® to diffuse 
through sheet steel preferentially in the rolling plane, 
and it appears at scratches and sheared edges of the 
sheet to aggravate hydrogen-caused defects in such 
places. This action is especially important in the 
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application of black edging to enamelware just as it is 
in the process of electroplated coatings.” Cast-iron 
specimens are not so likely to show preferential develop- 
ment of defects on their edges because the structure of 
the iron and the conditions for absorption and diffusion 
of hydrogen are different. In cast iron, the hydrogen 
and carbon are so strongly associated that they impede 
diffusion of each other. The foundryman, as a result, 
finds that graphitization is slow and abnormal when the 
iron contains much hydrogen,”* the gas analyst finds 
that a higher temperature is necessary to drive hydro- 
gen out of high carbon steel,” and the enameler has 
difficulty in enameling chilled cast iron, especially when 
it has been cast in damp molds or has been made under 
conditions that favor hydrogen absorption. 

When graphitization occurs, hydrogen leaves the iron 
lattice simultaneously with the carbon and follows sim- 
ple laws of diffusion. A portion escapes, perhaps to 
cause enamel defects, as shown in the present investiga- 
tion. Some of the hydrogen precipitates with the car- 
bon in graphite flakes just as it does in inclusions and 
cavities in steel. The resulting ferrite contains a mini- 
mum of the gas, and enamel fired on annealed cast iron 
will suffer only occasional localized defacement (see 


Fic. 5.—Sheet-steel ground coat fired at 870°C. 
on cast iron; (A) hydrogen-containing specimen and 
(B) hydrogen-free specimen; 


Fig. 5), perhaps from undecomposed cementite or from 
hydrogen that escapes during firing from its occlusion in 
graphite flakes. A thoroughly annealed cast iron 
should therefore show a minimum of defacement during 
enamel firing unless the graphite flakes are so large 
that other difficulties are incurred, and the genera! 
beneficial effect of annealing and slow cooling is well 
known toenamelers. Emmel’ has also found that when 
cast iron is repeatedly heated to 10°C. for a period of 
several years it becomes enamelable without blistering. 


IV. Decarburization versus Hydrogen Absorption 
During Firing 

The known differences between cast iron and steel 
relating to hydrogen behavior may be shown by citing 
experiences in enameling. One of the most serious 
single sources of hydrogen in sheet-steel enameling 
stock and probably often the only source of general im- 
portance in fish scaling and reboiling is the water of 
hydration of the clay in the slip. This water reacts 
with the iron during firing and forms, simultaneously, an 
oxide layer and hydrogen. The hydrogen, being liber- 
ated by a chemical reaction at the surface of the iron, is 


Fic. 6.—Two white cover coats fired on sandblasted 
duplicates of plates in Fig. 4; (A) hydrogen-con- 
taining specimen and (B) hydrogen-free specimen; 
x3. 
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absorbed to an important degree and later perhaps will 
cause fish scaling and reboiling. With cast iron, how- 
ever, the hydrogen produced by the water immediately 
encounters carbon and forms gaseous molecules of CH, 
which are too bulky to dissolve and therefore escape and 
cause decarburization. This decarburizing action pre- 
vents the absorption of hydrogen during firing and prob- 
ably accounts for King’s observation that enamel 
fired on high-carbon steel will blister but that no blisters 
form when the steel is previously treated in hydrogen to 
remove some carbon from the surface. As soon as a 
carbon-free rim is formed, hydrogen can enter during 
firing, but the association of the gas with the carbon to 
form slow-diffusing methane may prevent its reappear- 
ance in the short firing period. Enamels on cast iron 
and high-carbon steel, therefore, will have little tend- 
ency to fish scale or to reboil, although a repeated effu- 
sion of inherent hydrogen may cause some reboiling. 
The following experiments demonstrate that hydro- 
gen is not absorbed by cast iron during enamel firing to 
the extent that it is by steel. The two enameled plates 
shown in Fig. 4 were sandblasted and re-enameled with 


Discontinuous masses of ground coat 
fired on cast iron in attempt to inject hydrogen (note 
porosity of enamel); x3. 

(B) White cover coat fired over discontinuous 
masses of a previously fired ground coat (note position 
of blisters); <3. 


Fic. 7.—(A) 


(1942) 
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two white cover coats fired directly on the iron. The 
enamel was the same as that used on the specimens in 
Fig. 2. It has been shown elsewhere*™ that when steel 
is treated in such a manner it develops severe blistering 
in the enamel, principally from hydrogen absorbed while 
the first coat is being fired. The present specimens, 
however, behaved entirely differently as shown in Fig. 6. 
Both coats on the dehydrogenized specimen fused 
without any blistering, and only a few isolated pinholes 
appeared on the hydrogen-treated specimen in spite of 
the fact that the iron had been charged with hydrogen 
during melting and had subsequently been fired twice 
with enamel on the bare iron. These tests indicate that 
cast iron continually loses hydrogen during heating, 
such as in enamel firing, and that the presence of carbon 
prevents further hydrogen absorption. Incidentally, 
the two-coat sheet-steel enamel on the dehydrogenized 
iron had a remarkably good appearance. 

Further observations of the same type appear in 
Fig. 7. The sheet-steel ground coat, which had caused 
much hydrogen absorption during firing,** was fired in 
discontinuous masses on the present iron to give the 
greatest opportunity for differential hydrogen absorp- 
tion. The high porosity of the enamel showed that gas 
evolution had been severe (see Fig. 7 (A)). The white 
cover coat fired over the uneven ground coat developed 
a curious blistering and black specking that outlined the 
underlying islands of ground coat (see Fig. 7 (B)). 
When the ground coat was sandblasted away, however, 
and the white cover coat was applied, no demarcation 
whatsoever of the previous coating could be obtained. 
It has been shov-n that designs in the coating on steel 
will carry over with remarkable distinctness when the 
ware is de-enameled and refired because hydrogen ab- 
sorption during the firing of the initial coating is so im- 
portant.** 


V. Conclusions 

The following conclusions may be drawn from the 
foregoing investigation: 

(1) Hydrogen is apparently the only systematic cause 
of the blister type of defects in wet-process enamel on 
cast iron up to the highest usual firing temperature, 
870°C. If carbon oxide gases form during the enamel- 
ing of cast iron, they do not occur in sufficient quanti- 
ties to have caused defacement in the tests conducted 
in the research at Battelle. 

(2) Dehydrogenized cast iron developed no blisters 
in the enamels when they were fired as high as 790°C. 
At that temperature, ordinary wet-process white cover 
coat for sheet-steel enameling may even be fired di- 
rectly on the iron without incurring defacement. At 
840°C., sheet-steel ground coat may be successfully 
fired directly on the iron. At higher temperatures, 
wet-process enamels may develop some defacement be- 
cause the hydrate in the enamel reacts with the iron 
and with the carbon in the iron to develop primary 
boiling gases, probably H:, HO, CH,, and carbon ox- 
ides. 

(3) Hydrogen is not injected into cast iron during 
enamel firing as it is into steel. The hydrogen, which is 
released from the hydrate in the coating during its reac- 
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tion with the iron, immediately encounters carbon in 
the iron; methane which is insoluble, is formed, 
and the gas escapes to constitute a decarburizing 
reaction. 

(4) Cast iron, therefore, is less vulnerable than steel 


to fish scaling and reboiling. Each heating, including 
the initial firing, tends to remove hydrogen from the 
iron, and s,stematically occurring defects, as a result, 
often disappear with fewer firings for cast iron than they 
do for steel. 


SCRATCH BLISTERS, Il 


By C. A. ZAPrre AND J. L. YARNE 


ABSTRACT 
The enamel defect known as “‘scratch blisters” is consistently found to be caused by 


hydrogen that is introduced in large quantities at scratch marks. Several independent 
phenomena may contribute this hydrogen. An electrochemical reaction between iron 
and its oxide scale during pickling increases the hydrogen absorption at the scratch 
sufficiently to lead regularly to scratch blisters when steel with a certain type of oxide 
coating is used. Galvanic nickel coatings aggravate scratch blistering in a manner that 
is not well understood. Surface impurities and mechanical effects may produce scratch 
blisters but only circumstantially. The rolling direction of the sheet is found to be re- 


lated to the occurrence of scratch blisters. 


|. Introduction 

Tetrick™ has discussed a certain defect in vitreous 
enamel on steel sheet called ‘“‘scratch blisters,’’ and 
Hansen and Irwin’ and Howe" have also observed such 
a defect, but no explanation for its occurrence has been 
agreed on. 

Following a study of hydrogen in enameling stock, 
Zapffe and Sims** suggested that the development of 
enamel blisters over a scratch on steel sheet might be an 
activity of hydrogen. The phenomenon was subse- 
quently investigated, and some effects relative to the 
surface condition of enameling sheet as received from 
the mill were noted. 

The present paper, therefore, is primarily a report of 
the investigation of the cause of scratch blisters. Some 
observed effects of galvanic and oxide coatings on 
enameling stock and their relation to blister-type de- 
fects in general are also discussed. 


(1) Commercial Observations 

A specimen with well-developed scratch blisters is 
shown in Fig. 1. 

The following viewpoints on scratch blisters have 
been solicited by correspondence with men who have 
had opportunity to observe the phenomenon in indus- 
try. Tetrick* writes as follows: 


Scratch blisters had been a rare phenomenon in our 
plant until an outbreak occurred in almost epidemic form. 
The blisters were confined to orders which were cut from 
certain lots of steel. This tended to indicate that the iron 
was a factor in their appearance. The blisters, however, 
appeared coincidentally with the introduction of a nickel- 
dip tank; consequently, the nickel dip was also placed 
under The use of the nickel dip was continued 
for three weeks, during which time a scrap loss of 2 to 3% 
was caused by scratch blisters. At the end of the third 
week, the use of the nickel-dip tank was discontinued and 
the scratch blisters disappeared. 


* J. D. Tetrick, personal correspondence, April, 1940. 


The scratch blisters made an appearance in the ground- 
coat fire or in the first or second white fire, or they might 
not show up until one or two colors had been applied. 
This led to the theory that the greater the number of fir- 
ings, the greater the opportunity for scratch blisters to 
develop. Small specimens were cut from a piece of 
enamelware whic.: had developed scratch blisters and were 
refired in the laboratory furnace in order to study the 
further development of the blisters. After the piece had 


Fic. 1.—Specimen fired under conditions exaggerat- 
ing blistering; unusually well-developed scratch 
blisters in white cover coat on steel; X2. 


been in the furnace for about 50 seconds, the scratch blis- 
ters had puffed up to a large size. This piece was drawn 
at once from the furnace, leaving the blisters in a m 
condition. A multitude of small scratch blisters had 
developed along what was apparently the faintest abrasio# 
of the surface. The refiring of numerous pieces in t 
same way led to the belief that there was some connectio® 
between the scratch blisters and the old phenomenon of 
reboiling. 
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By using small steel plates from lots of iron 
developed scratch blisters and by 
carrying out the pickling procedure enameling in 
laboratory, scratch blisters could be developed. The test 
ultimately used consisted of scratching four —. 4 by 6 
in. in size, with a pointed tool and pickling and i 
them according to the test to be made. Two of these 
plates were given a reboil test immediately after they were 
enameled with two coats of white. The other two plates 
were enameled with two coats of white; they were allowed 
to lie around another week and then were given the reboil 
test. The plates — received the last treatment gave 
higkly magnified results 

Suggestions were made to reduce the pickling time in the 
acid or to change the neutralizing procedure. The firs. 
series of tests consisted of pickling in 7% sulfuric acid at 
150°F. for periods of 5, 10, 20, and 40 minutes. Duplicate 
sets of plates were given these varied picklings (but no 
nickel dip) and 5, 10, and 20 minutes in a 1'/;-ounce nickel 
solution, respectively. The plates that were not nickel 
dipped showed no scratch blisters, but all of the other 
plates developed scratch blisters to the same degree. This 
test was repeated twice with the same results, which proved 
that the nickel dip, in conjunction with the type of steel 
used, was the controlling factor in developing scratch blis- 
ters. An investigation of the neutralizing process gave no 
results. It was then decided to investigate the streagth of 
the nickel-dip solution. For this purpose, nickel solutions 
of '/,; ounce per gallon were used, and a 5-minute te st was 
given in each case. No scratch blisters developed when 
the '/;-ounce per gallon solution was used. The other two 
solutions developed scratch blisters to the same degree. 
The '/:-ounce per gallon solution was placed in production, 
and no trouble has been experienced with it over a long 
period of time. 


McIntyre? states, 


In. running a number of pieces which have steel scratches, 
all other steps in the treatment being the same, some will 
show blisters and others will not. Oftentimes, in trying 
to demonstrate the source of such scratch blisters, it is dis- 
concerting to find that in deliberately scratching the steel 
no blisters occur, but when pieces which show such blisters 
are de-enameled, scratches can be identified in the steel. 

While recognizing the possibility of gases coming from 
the steel, much of the trouble may be tied in with the 
ability of the ground coat to wet the steel thoroughly in- 
stead of bridging over the scratch and providing an air 
pocket which later causes the blister. 

In referring to Tetrick’s paper,** it would seem that he 
has definitely tied up such difficulties with the salts de- 
posited during the pickling process of the nickel dip, inas- 
much as he claims that reducing the concentration of the 
nickel salts in the nickel dip to '/, ounce per gallon causes 
the difficulty to disappear. 

It is also possible that certain deposits of foreign matter 
may occur on the scratch which are not removed in the 
normal cleaning and pickling operation. I believe that 
there are possibilities for several causes of blistering in 
relation to a scratched steel surface which might be con- 
sidered in plant practice. 

It is possible to scratch the surface after the piece has 
been pickled and dried and y to produce a 
scratch blister. The experience of various plants and the 
laboratory data, therefore, seem to indicate that little 
correlation exists between cause and effect. 


These ot.servations indicate at least three factors that 
are important to consider in studying scratch blisters, 
namely, (1) the mechanical effects of a scratch in col- 
lecting impurities or causing the enamel to bridge and 
to trap air, (2) the chemical effects which cause salts to 
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collect in a scratch during pickling or gulvanic plating 
with nickel, and (3) some unidentified activity of the 
nickel dip. A fourth factor, involving preferential ab- 
sorption and desorption of hydrogen at a scratch mark, 
is suggested by Tetrick’s correlation of scratch blisters 
with reboiling. 

The possible functions of hydrogen absorption and 
effusion at a scratch mark throughout the enameling 
process are summarized in this paper. 


ll. Hydrogen Behavior at Scratched Stee! Surface 


(1) During Pickling 

(A) Effect of Cold-Working: Scratching abrades or 
cold-works metal and thereby increases its rate of attack 
in chemical solutions. During acid pickling, the chemi- 
cal attack liberates hydrogen, part of which is absorbed 
by the metal. The dissolution of the metal and hydro- 
gen absorption will therefore tend to be a maximum at a 
scratch mark in relation to the rest of the sheet. Figure 
2 shows this action. A piece of steel sheet, sheared on 
both edges and scratched down the center with a file, 
developed hydrogen in acid more rapidly along the 
scratch and along the edges that were cold-worked by 
shearing. Baukloh and Retzlaff* scratched one side of a 
steel sheet, placed balsam on the opposite side, and 
pickled the scratched side in acid. The first bubbles to 
appear in the balsam underlay the scratch, showing that 
the pressure of atomic hydrogen and its rate of diffusion 
through the metal were greatest at the scratch. That 
hydrogen is strongly absorbed at sheared edges during 
acid or cathodic treatment has been clearly demon- 
strated with electroplate,” wherein subsequent defects 
occurring in the electroplated sheet were mazckedly 


Fic. 2.—Steel sheet in pickling acid showing 
preferential development of hydrogen bubbles 
at cold-worked scratch marks and sheared 


edges. 


Scratch 
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differently, both chemically and me- 
chanically, that they may be a cause of 
the anomalous nature of scratch blisters. 

(1) There is first a simple physical ef- 
fect that may be exerted by a dense, 
slowly removable scale, inasmuch as a 
scratch mark in such scale would ex- 
pose the metal to hydrogen absorp- 
tion throughout the entire p*:kling 
procedure whereas the rest of the metal 
would be protected. The contrast 
shown in Fig. 2 would be a maximum, 
and a maximum difference in hydrogen 
absorption would occur between the 
metal underlying the scratch and that 
underlying the scale. A dense scale, 
furthermore, usually requires a longer 
pickling time, which would increase the 
absorption of gas at the scratch. Fig- 
ure 3 shows the importance of hydro- 
gen absorption at such an area. An ex- 
periment in another investigation” was 


Fic. 3.—De-enameling steel by explosive action of hydrogen ab- developed to prove that the descaling 
sorbed by steel during cathodic electrolysis and subsequently precipi- action of acid may comprise more than 


tated underneath enamel; note blisters attesting hydrogen absorption 


(a) the solution of the scale and (b) the 


by steel; (A) original strip with metal exposed only at edges, (B) par- . : 
mechanical rupture of the scale by hy- 


tially de-enameled, and (C) completely de-enameled. 


more severe along the sheared edges. The same phe- 
nomenon is observed in vitreous enameling in the applica- 
tion of edging, because blistering and chipping are the 
most severe in the enamel on the edges of steel sheet.** 
Pollard and Porter® similarly found that paint will 
stain and blister at scratches and on the edges. 

This increased tendency of cold-worked metal to dis- 
solve and to absorb hydrogen is closely associated with 
another important effect. The plastic deformation 
that attends cold-working opens ultramicroscopic rifts 
throughout the steel, and these rifts will collect hydro- 
gen during pickling, which causes a marked increase in 
the amount of hydrogen that the steel will hold.*' At 
the same time, however, this ultramicroscopic porosity 
permits the gas to escape more rapidly as soon as the 
surface supply of hydrogen is removed. The latter 
effect has been noted by enamelers, because cold-worked 
steel often shows greater freedom from hydrogen- 
caused defects. The reason is that some hydrogen is 
lost from the sheet during cold-working, and the hydro- 
gen subsequently absorbed during pickling may par- 
tially escape during the period elapsing before firing. 
The opposite effect is noticed in the electroplating indus- 
try for there the coating is applied immediately after 
the piece is cleaned by pickling or by cathodic electroly- 
sis, and the hydrogen content is at a maximum. 

(B) Effect of Scale: McIntyre points ovt that some 
scratches cause blistering and some do not, and Tetrick 
suspects the type of steel as one source of the defect. 

Enameling stock, as received from the mill, sometimes 
has an oxide coating, ~erhaps very thin, that not 
only varies widely from Jot to lot but also across 
portions of the same sheet. Iron oxide is a com- 
plicated structure which has been ably discussed by 
Kautz." The different types of oxide behave so 


drogen that is liberated from acid which 
has found its way through pores in the coating. A 
vitreous enameled strip, whose coating was impervious 
to the electrolyte, was sheared on the edges and made a 
cathode in a dilute acid solution. Hydrogen was de- 
posited only on the bared edges, and the gas diffused 
into the metal and then reappeared underneath the ad- 
joining coating to form pressures sufficient to remove 
the enamel. The strip was thus de-enameled by 
hydrogen that had been first absorbed by the steel and 
later liberated at the steel-enamel interface. 

(2) If the metal is bared by a scratch on scaled iron, a 
galvanic couple forms with the surrounding scale when 
it is placed in an electrolyte such as a pickling acid. 
The iron, being more soluble than the scale, becomes 
cathodic because of the excess of electrons remaining on 
the iron as it dissolves. Hydrogen ions in the immedi- 
ate vicinity of the iron constitute the simplest neutrali- 
zation for these electrons,"' with the result that such a 
galvanic couple increases the concentration of atomic 
hydrogen at the scratch or at the boundary of the 
scratch and the scale. The electrochemical action of 
scale then may be an important factor in raising the 
concentraticn of absorbed hydrogen at a scratch above 
that critical quantity which is necessary for the develop- 
ment of blisters during enamel firing. 


(2) During Galvanic Plating (Nickel Dip) 

Tetrick states that a nickel dip is related to the oc- 
currence of scratch blisters, and the writers have con- 
firmed this relation. There are four possible relation- 
ships of the nickel dip to hydrogen effusion during firing. 

(1) The nickel plate may contain or occlude hydrox- 
ide or hydrogen, and water vapor or hydrogen may 
therefore be evolved from the nickel during firing. If 
the deposit is located either in the scratch or at the 
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lateral prominences that often bound a scratch, an 
appreciable degassing at that locus may occur during 
firing. 

(2) The nickel coating may act to retain in the steel 
the hydrogen which was previously absorbed during 
pickling so that more hydrogen will be carried over to 
the firing operation. Hydrogen is very soluble in 
nickel, and the coating may thus tend to hold the gas in 
the specimen throughout the preparatory treatment. 
If the adherence of the coating to the iron is poor, the 
gas will tend to occlude underneath the nickel layer. 
The relation of either function to gas effusion at a 
scratch, however, is not clear. 


| 
STEEL 


La 


iM 


Fic. 4.—(A) 
and edges of scratch on right; 
bubbles, « 10. 
may lend to effect and to position of scratch blisters. 


(1942) 


(A) 


© ENAMEL 


(Cc) 
4 


Blisters in ground coat overlying scratch on left 
background, ma:s of opacification 
(B) and (C) sketches show how contour of scratch 
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(3) The nickel coating mav act to protect the iron 
during enamel firing, an action once suggested by Wey] 
and Zerfoss,* thereby decreasing the hydrogen-liberat- 
ing reaction of iron with moisture. Nickel does not re- 
act so avidly with moisture at enamel-firing tempera- 
tures as does iron, and hydrogen formation and conse- 
quent absorption during firing would thus be minimized. 
The observation that a nickel-dip treatment mitigates 
fish scaling and copperheading® agrees with this theory 
because fish scales are often caused principally by the 
hydrogen absorbed during enamel firing** and copper- 
heads are caused by excessive oxidation when the iron is 
exposed to the air, often through the bursting of a blis- 

ter. The nickel coating may then act dif- 
ferentially to accentuate the appearance of 
blisters over a scratch because only in the 
scratch would bare iron remain exposed for 
a gas-liberating reaction with moisture; that 
is, the nature of ‘‘throwing power”’ in plat- 
ing solutions makes it likely that nickel does 
not deposit so well in the scratch. Galvanic 
coatings, it should be noted, attain much 
greater thickness than the theoretical mo- 
lecular thickness which should stop the ac- 
tion. To permit building such thick de- 
posits, the iron must continue to dissolve at 
some other point, which would be the 
scratch in the present instance. 


(4) Other functions of the nickel dip, yet 
unidentified, may operate. 


(3) During Enamel Firing 


The general behavior of hydrogen in steel 
during enamel firing has been discussed** 
and will not be reviewed here. Only two 
reactions are important to consider at a 
scratch mark, namely, (1) hydrogen may be 
produced during firing by the reaction of 
bare iron with moisture remaining in the 
dried enamel coating, as just explained, and 
(2) the scratch may act as a “leak” for 
absorbed hydrogen just as sheared edges 
have been shown to do. 

From a consideration of the four broad 
classifications listed as possible causes of 
scratch blisters, these causes my be divided 
into two simpler groups, namely, (1) those 
that are independent of hydrogen and (2) 
those that depend on some hydrogen ac- 
tivity. 

It was apparent from the outset that 
scratch blisters conceivably might be pro- 
duced in several different ways, but it 
now appears probable that there is only 
one (or possibly two) true functional 
cause. 


*See discussion, reference 32 (Jour. Amer. 
Ceram. Soc., 23 [10] 291-92 (1940)). 


a 


Ill. Possible Causes of Scratch Blisters 


(1) Causes Not Requiring Hydrogen 

(A) Mechanical Collection of Impurities: Howe** has 
suggested that scratch blisters are caused by impurities, 
such as those in the pickling solution, which become en- 
trapped by partially detached and overlapping meta! 
fragments produced during scratching; he also shows 
the enamel immediately overlying the scratch to be 
completely free of bubbles in pronounced contrast to 
the gas-pocketed regions on either side. 

In the present work, the two types of scratch blisters 
observed were (1) those that directly overlay the 
scratch and (2) those that overlay each side of the 
scratch, similar to the specimen in the Howe photo- 
graph." Both of these types, in fact, are shown in the 
same specimen in Fig. 4. Because the blisters appear 
systematically over the scratch in some cases and 
again over the edges in others, Howe's explenation is 
probably incomplete, and there may be at least two 
important functions of a chemical nature in producing 
scratch blisters. 

In plant practice, the mechanical entrapment of im- 
purities may sometimes be responsible for developing 
blisters at a scratch as suggested by McIntyre, but such 
occurrences are circumstantial and cannot be accepted 
as a systematic cause of the defect. 

(B) Geometrical Consideration: A sharp, deep 
scratch, under certain conditions, caused blistering quite 
regularly, whereas a blunt mark, such as that made by a 
cut-off wheel, showed no evidence of causing this de- 
fect. Two simple sketches, (B) and (C) in Fig. 4, show 
how the geometry of a scratch may tend to produce 
larger bubbles in the overlying enamel and how the 
bubbles may, respectively, overlie the scratch or its 
edges. The general evolution of gas during firing is 
indicated by an even distribution of uniformly sized 
bubbles along the surface of the iron where the metal 
reacts with the enamel. More bubbles are produced 
in a scratch per unit surface area of overlying enamel. 
‘The coalescence of the bubbles on effusing from the 
‘scratch would lend to the assumption that a prefer- 


-ential gas evolution had occurred there. 


Figure 4 (A) shows a macrograph of scratch blisters 
in a ground coat. Such an occurrence is not frequent 
inasmuch as ground coats are generally much more 
permeable to gases during firing than cover coats. 
‘This example is good because the minute opacification 
bubbles may be seen throughout the enamel mass; the 
larger blisters which overlie the scratch could conceiv- 
ably result from coalescence as indicated. The blisters 
in this specimen overlie the scratch mark to the left 
and the sides of the scratch to the right, corresponding 
to (B) and (C) in Fig. 4. The systematic occurrence of 
such blisters, however, does aot depend on the mechani- 
cal nature of the scratch, and it may be assumed that 
this mechanism too can be only circumstantially re- 
sponsible for (or can aggravate) the production of 
scratch blisters. 

(C) Chemical Deposition of Salts: The scratch mark 
often shows a visible black deposit that is a character- 
istic of the pickling process. Plates containing this 
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Fic. 5.-—Blisters over scratch marks and stamp marks 
(stamp marks straight line across bottom); <3. 


deposit in the scratch were fired without producing 
scratch blisters, and if the deposit was carefully removed 
by scrubbing, scratch blisters could still be developed. 
This type of loosely held deposit, therefore, cannot be a 
functional cause of scratch blisters. 

The more rigidly held salts, however, may not be re- 
moved by scrubbing. The fact that it is necessary to 
control closely the pH of the nickel dip in enamel prac- 
tice indicates that chemical salts may precipitate during 
ni~kel dipping, as suggested by McIntyre, and that the 
precipitation may be preferential at a scratch mark. 
Such precipitates, however, may be removed chemically 
so that other conditions of the plate will not be affected. 

An old pickling solution with visible crystals of iron 
sulfate was used to give the greatest chance for the 
accumulation of precipitating salts, and »evere blistering 
defects developed.” Some of the specimens were 
dipped for 30 seconds in hot tartaric acid solution after 
pickling, and some were given similar treatment in hot 
sodium cyanide solution. The solutions were those 
commonly used to remove such salts. No difference in 
the degree of blistering was effected by the use of these 
solution treatments, and it was concluded that the in- 
creased blistering was caused by increased absorption of 
hydrogen from the old acid and not from precipitated 
salts. With specimens given a nickel dip, scratch blis- 
ters could also be developed whether or not the speci- 
men was treated chemically to remove precipitated 
salts. 

It is unlikely, therefore, that an accumulation of 
chemical salts in the scratch is a fundamental cause of 
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scratch blisters although it may conceivably operate 
circumstantially. 


(2) Hydrogen as a Cause of Scratch Blisters 

(A) Blistering ov-r Cold-Worked Areas: Cold-work- 
ing increases hydrogen absorption during pickling, and 
the specimen in Fig. 5* may be accepted to illustrate 
this increased absorption. A '/sin. steel plate was 
scratched with a file, and below the scratched cross 
mark, a series of stamp marks was made with a hammer 
and a number stencil. The plate was fired shortly after 
pickling to avoid the loss of hydrogen from the cold- 
worked portions. The scratch developed blisters, and 
the more severely cold-worked metal at the stencil 
marks developed more severe blistering, which con- 
forms with the behavior of hydrogen in steel as out- 
lined. Blistering, however, cannot be regularly pro- 
duced by such cold-working and firing procedure alone; 

tly, there must be still another factor. 

(B) Effect of Rolling Direction: A peculiar observa- 
tion was made indicating that the direction of the 
scratch determined the development of the blisters. 
When a “‘Z” scratch was made on a plate before it was 
cleaned and pickled, blisters showed only over the two 
bars of the letter which lay in the rolling direction (see 
Fig.6(A)). An “H” mark also developed blisters only 
on the bars of the letter that lay in the rolling direction 
(Fig. 6(B)). Diagonal and transverse marks, however, 
often failed to develop blistering. Scratches which 
were made during processing in the mill caused blisters, 
but only those scratches that lay in the rolling direction 
were effective (Fig. 7). It has been well established 
that hydrogen diffuses preferentially within the rolling 
plane, but preferred effusion of the gas at right angles 
to the rolling direction and within the rolling plane is 
unexpected and offers interesting matter for conjecture. 
The preferred orientation that occurs prominently in 
rolled or worked metal may perhaps account for this. 
phenomenon in conjunction with the fact that the 
hydrogen is contained in the slip-plane disjunctions. 
The position of the specimen in the various baths or 
mechanical changes in processing did not affect the 
results. 

Even more surprising was the observation that an 
“X” scratched in the plates before pickling often 
yielded blisters only over one of the cross lines and that 
the line which developed no blistering was regularly the 
one lying in the same direction as the nonblistering 
cross bar of the ‘““Z” (compare Figs. 6 and 7). When 
scratch blisters were produced at will, both lines of an 
“X” showed blisters, probably because under the condi- 
tions of those experiments hydrogen absorption was 
increased to such an extent that the differential was 
masked. 

Because the foregoing results were usually reproduc- 
ible for different types of sheet and different scratches 


Fic. 6.—Scratch blisters showing preferential de- 
velopment over scratches lying in the rolling direc- 
tion; (A) “Z” scratch and (B) “H” scratch (“H” 
lies on side); rolling direction horizontal; X<3. 


(1942) 


(B) 
* Most of the specimens were fired directly with white 
cover-coat enamel to exaggerate the blister-type defects. 
The poor surfaces of the enameled specimens are therefore 
intentionally produced and in no way reflect on recom- ' 
mended enameling practice. Unless otherwise noted, speci- 
mens were prepared by a standard pickling procedure 


and scratching techniques, hydrogen was conciuded to 
be a systematic cause of scratch blisters although the 
exact nature of the mechanism needed clarifying. 

(C) Inapplicability of a Simple Hydrogen Mechanism: 
According to the preliminary tests, mechanical causes 
cannot constitute a valid explanation for scratch blis- 
ters nor can the deposition of chemical salts during 
pickling or immersion 1: the nickel dip. Hydrogen 
remains a logical mechanism to account for the sys- 
tematic occurrence and recurrence of the defect. 

Scratch blisters, moreover, cannot be produced con- 
sistently just by cold-working the metal to aggravate 
hydrogen absorption. A tensile specimen of steel 
sheet, partially extended before pickling, did not de- 
velop greater blistering over the plastically deformed 
portion (Fig. 8). This specimen was only 20-gauge 


Fic. 7.—San:e as Fig. 6; (A) scratches as received 
from mill and (B) ‘“X” scratch; rolling direction 
eu eee diagonal scratches on 7 (B) and 

>; Xs. 
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steel as compared with the plate in Fig. 5, and the loss 
of hydrogen during cold-working and after pickling 
would be important. The remarkable thing was that 
the grip marks on each end of the specimen were de- 
picted with blisters. Each grip mark acted as a “‘leak”’ 
for the hydrogen. The plastically deformed central 
portion, according to the same reasoning, sustained a 
thorough dispersion of great numbers of tiny rifts, and 
the resulting blisters were therefore tiny and dissemi- 
nated. Less hydrogen probably was present at the 
time of firing because it leaked out of the rifted 


portion. 


Fic. 8.—Tensiie specimen of 20-gauge, sheet-steel, 
enameling stock partially distended before pickling and 
firing with cover coat; note variation in size of blisters 
and blisters over grip marks of testing machine; */, 
natural size. 


The fact that scratch blisters also occur on thin sheet 
and that cold-working alone will not consistently pro- 
duce blisters from absorbed hydrogen means that some 
other factor must enter in the production of scratch 
blisters. In all of the work on hydrogen as a cause of 
defects both within the steel and on its surface, these 
studies have shown that there is some critical or mini- 
mum pressure for each defect and, therefore, a critical 
quantity of hydrogen necessary to cause that defect. 

Exactly the same stipulations hold in the enameling 
process, and it is generally recognized that the de- 
velopment of hydrogen-caused enamel defects depends 
on permeability and on other physical and chemical 
factors of the enamel as well as on the rates of effusion 
and the quantities of hydrogen coming from the base 
metal. In the case of scratch blisters, therefore, some 
factor must exist which increases hydrogen absorption 
so far beyond the normal absorption occurring during 
pickling that a “‘critical’’ quantity of the gas is retained 
through the neutralizing and drying procedures until 
it is able to effuse during firing to cause blisters. The 
problem is to find this factor or factors. 


IV. Relation of Surface Oxidation to Hydrogen 
Absorption During Pickling and Development of 
Scratch Blisters During Firing 


(1) Physical Effect of Scale 
If steel sheet during pickling is covered with a dense 
svale except at a scratch mark, the iron exposed at that 
mark will absorb hydrogen throughout the pickling 
treatment. The steel with that type of scale, moreover, 
usually requires a prolonged pickling treatment. A 
sheet that is pickled under such conditions should have 
an exceptionally high content of hydrogen in the metal 
immediately surrounding the scratch, which may lead 
to blistering during firing. 
Vol. 25, No. 7 
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Experiments with variously scaled sheet showed that 
the type of scale determined the development of scratch 
blisters and that this enamel defect could be produced 
deliberately and surely when sheet with a certain type 
of surface oxidation was pickled. The effect of the 
scale, however, seemed to involve more than just a 
preferential physical protection. 


Action Between Scale and 


The first evidence that an electrochemical factor was 
supplying increased quantities of hydrogen to the metal 
at a scratch mark was obtained with the specimen 
shown in Fig. 9. An oxidized sheet was only half im- 
mersed in the pickling solution. When the oxide was 
removed from the lower half, the piece vas sctubbed 
carefully and was fired with cover-coat enamel. Blis- 
ters occurred only over the area that had been at the 
surface of the solution during pickling. 

A galvanic cell with a milliammeter (a microammetcr 
proved to be too sensitive) was accordingly arranged to 
detect the electrochemical action. Sheets with three 
types of surface, namely, (a) bare, (b) with thick outer 
scale, and (c) with thin inner scale, were covered with an 
organic coating except for an area */, by */, in. on one 
side of each plate. When they were placed as galvanic 
couples in ordinary 10% sulfuric acid pickling solution 
at 70°C., the specimens caused the following currents 
to flow: (1) from outer scale to iron, 150 ma., (2) from 
inner scale to iron, 120 ma., and (3) from outer scale to 
inner scale, 1 ma. 


Fic. 9.—White cover coat fired on scaled specimen 
only half immersed during pickling; <2. 
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Scale is therefore anodic as a battery to iron, and the 
resulting excess negative charge on the iron at a scratch 
may effect an increased hydrogen absorption as was 

A certain type of tightly adhering scale may then be 
most favorab’e to produce scratch blisters because (1) 
its galvanic potential with bare iron is a maximum and 
(2) the ratio of the areas of the anodic scale to the 
cathodic iron, which determines the charge density at 
the scratch and therefore the hydrogen absorption, is a 
maximum, inasmuch as other areas of bare iron do not 
become exposed so readily as in the case of weaker scale. 


(3) Production and Control of Scratch Blisters 

It was found, accordingly, that scratch blisters could 
be produced with certainty when the enameling stock 
had a tightly adhering and uniform coating of scale. 
Figure 10 shows two specimens scratched and prepared 
identically by the usual pickling procedure except that 
specimen (A) had a light brownish scale and (3), a 
strong, blackish scale. Specimen (A) developed no 
blisters, but (B) had biisters that clearly defined the en- 
tire scratch mark. The specimen shown in Fig. 1 was 
also prepared from a plate having a tenacious scale. 


Fic. 10.—Effect of scale on production of scratch 
blisters; (A) ““X”’ scratched on plate with light 
brown scale and (B) plate with blackish tightly ad- 
hering scale; 
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The treatment used to produce the tightly adhering 
type of scale that would lead to scratch blisters was to 
preheat the sheet for '/; to 1 hour at 750°C. and usually 
to cool it in the furnace. The light scale was produced 
at 480°C. (900°F.) in 1 to 3 hours. 

In the chemistry of corrosion of iron and steel, some 
interesting analogies of scratch blisters may be found. 
Vernon, Wormwell, and Nurse* and Evans state that 
blue oxide films, which are films thick enough to give 
interference colors, chip off during scratching and ex- 
pose the iron to electrochemical attack. Light straw- 
colored films, on the other hand, which are not broken 
during scratching, may remain continuous and sink into 
the iron during the scratching and later protect the 
metal from corrosion. 

The different degrees of surface oxidation on sheet, as 
received from the mill, can then account for the anoma- 
lous occurrence of scratch blisters and for the fact that 
the defect seems to be associated with certain lots of 
steel. 

By “scale,” it should be noted, is meant any surface 
oxidation, whether or not it is easily visible. 


V. Consideration of Nickel Dip 


(1) Deposition of Ferrous Salts at a Scratch 


If the nickel dip affects the appearance of scratch 
blisters, it must do so either by depositing salts in the 
scratch or by aggravating in some way the hydrogen 
effusion which occurs at a scratch during firing. A 
mechanical effect of the deposited nickel layer in closing 
over a narrow scratch to aid in trapping impurities 
seems to be unreasonable. 

The possibility that ferrous salts deposit on the 
scratch during the nickel dip and account for the 
systematic occurrence of scratch blisters has already 
been eliminated. Scratch blisters appeared both on 
specimens that received no nickel dip and on nickel- 
dipped specimens and whether or not either of these 
groups was subsequently cleaned in hot sodium cyanide 
or tartaric acid solutions. Howe,™ furthermore, has 
shown that a scratch applied to a specimen after the 
nickel dip would also lead to scratch blisters. The 
probable relation, then, of the nickel dip to scratch 
blisters is that the dip has some tendency to aggravate 
hydrogen effusion during firing and that this effect may 
often become critical. 


(2) Hydrogen in Nickel and Preferential Plating 


Nickel has a greater solubility for hydrogen than has 
iron. Hansen and Irwin’ report that re-pickling nick- 
eled ware will cause severe blistering. Electrolytic 
nickel may contain several hundred times its own vol- 
ume of the gas as measured under standard conditions; 
at enamel-firing temperatures, all of the gases become 
much more voluminous and therefore more effective in 
causing blisters. 

If nickel deposits in or on the edges of a scratch, a 
sufficiently thick layer may develop to liberate signifi- 
cant quantities of gas during firing. The possibility 
that the plate is thicker in the area of the scratch has 
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already been dismissed. Figure 11 shows a specimen 
on which nickel has been electroplated in varying 
degrees of thickness. A standard Watts nickel bath 
was used under carefully controlled conditions, and it is 
reasonable to suppose that the gas impurities in such a 
coating would be considerably less than those in gal- 
vanic coatings which are obtained from the nickel dip. 
The current efficiency was about 98% so that the 
amount of hydrogen deposited with the nickel could be 
calculated. This calculation showed that, even with 
such well-controlled plating, several volumes of hydro- 
gen were produced with the thicker plate for each 
volume of the underlying steel. When it was fired 
with an enamel coating, the specimen developed (a) 
severe blistering on the bare iron, (5) less blistering and 


Fic. 11.—Enameling specimen previously electro- 
plated with varying thicknesses of nickel; nickel-coat 
thickness, respectively, 0, 5, 15, 55, aud 120 x 107° 
in. 
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none at all, respectively, on the adjacent thicker nickel 
layers, and (c) severe blistering over the thickest nickel 
deposit. Hansen and Irwin’ have also noticed the 
occurrence of blisters when the nickel-dip deposits are 
heavy. There appears to be an optimum thickness of 
nickel at which there is a minimum of blistering without 
impairing the adherence, and there is no adherence 
whatever with the thick nickel. This test shows that 
the nickel coating gives off hydrogen but that an ap- 
preciable thickness may be required before any effect 
can be noticed in the enamel. Itis improbable that the 
0.00012-in. coating of nickel obtained at a scratch dur- 
ing the nickel dip would lead to blistering as depicted in 
Fig. 11. The following experiment shows that when 
the proper kind of scale is selected for producing scratch 
olisters, the nickel dip sometimes aggravates and some- 
times mitigates this defect. 

Figure 12 shows two plates that were scaled, 
scratched, and tired directly with white cover coat 
without pickling or removing the scale by other means. 
One plate was given a nickel dip before it was fired. 
With oxide covering the remainder of the plate, the 
nickel must have deposited on the scratch. Blisters 


Fic. 12.—Scratch blisters produced by firing enamel 
directly on scaled iron containing scratch mark; (A) 
nickel dipped before firing and {B) no nickel dip; 
x3 
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which developed over the scratches during firing were 
less severe over the nickeled scratch. This test seems 
to indicate that the important action of the nickel coat- 
ing is not a degassing action but that the nickel coating 
actually protects the iron a d decreases the liberation of 
gas during firing. 

The “valve” effect, by which a nickel coating may 
tend to keep hydrogen in the iron, cannot be evaluated 
here except to point out that two '/;-in. steel rods, after 
pickling, showed equal effusion of hydrogen in hot 
water whether or not they were nickel dipped. The 
occlusion of hydrogen at a poorly bonded nickel-iron 
interface is also a commonly observed cause of poor 
adherence in electroplating and must be given con- 
sideration in these studies. What the relation of 
either function may be to scratch blisters can only be 
conjectured. 


(3) Reactions During Enamel Firing 

(A) Gas-Liberating Reactions at a Scratch: The 
specimens in Fig. 12 show that bare iron reacts with the 
enamel to liberate gases. Because water is about the 
only component in enamel that could react with en- 
ameling iron to produce a gaseous product, the effusion 
must comprise principally hydrogen or water vapor. 
The apparent diminution of blistering in the nickel- 
dipped specimen conforms with this reasonizg because 
nickel has far less reactivity with water than does iron. 

Howe" observed that blisters from a scratch applied 
after the nickel dip are thus explained because the gas- 
liberating reaction of water to iron would occur prefer- 
ably where the nickel coat was removed by scratching 
to expose the enamel to bare iron. This same type of 
reaction would explain the specimens shown in Fig. 12. 

Tetrick’s** observation that scratch blisters seem to 
be related to reboiling is explained in like manner be- 
cause, during firing, the decomposition of water on the 
iron in a scratch mark, where the nickel coating is prob- 
ably attenuated or absent, will inject hydrogen into 
the iron at that locus. The reappearance of that hy- 
drogen during subsequent firings will follow the simple 
rules of reboiling. Tetrick thus found that the blisters 
often appear only in later coatings, which would be ex- 
pected if the critical quantities of hydrogen had been 
injected during the enamel firing. In the present 
work, the blistering was usually most severe in the first 
application because the critical quantity of hydrogen 
was often supplied during pickling. 

Hansen and Irwin’ report that copperheading and 
fish scaling are minimized by a nickel dip. The reduc- 
tion in copperheading would follow directly from such 
reasoning inasmuch as the nickel coating will tend to 
protect the iron from oxidation. The decrease in fish 
scaling conforms similarly because the oxidizing reac- 
tion is simultaneously a hydrogenizing reaction when 
hot iron contacts moisture. The nickel coating would 
inhibit absorption of hydrogen during firing. 

An incidental observation is that enamel in a groove 
or a scratch is probably more completely and more 
rapidly dehydrated by the surrounding iron because the 
ratio of the iron surface to the volume of enamel is 
greater (see Fig. 4). 
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(B) Possibility of Hydrogen Production by Electro- 
chemical Reaction in Fused Enamel: An electrochemi- 
cal reaction in the molten enamel which supplies hydro- 
gen to areas of exposed iron is also a possibility as an 
explanation for the occurrence of scratch blisters. The 
electrolysis of molten oxides, such as enamel, is so little 
understood that only a suggestion may be made here, 
The blisters over the scratches in nickel-dipped speci- 
mens, nevertheless, do seem to be more severe, regard- 
less of the pickling conditions, which agrees with Tet- 
rick’s observations. (The specimen in Fig. 12, which 
was enameled without removing the scale, should not 
confuse the foregoing statement.) Even more signifi- 
cant is the fact that the scratch blisters on nickel-dipped 
specimens appear to be more severe than those occurring 
on bare iron which has no nickel coating. The presence 
of precipitated saits as well as gases contained in suc! 
thin coatings have been invalidated as an explanation 
for this defect. 

The fact that the iron is exposed at the scratch means 
that it will be oxidized there, and the presence of a 
nickel coating over the rest of the iron will inhibit oxida- 
tion elsewhere. A galvanic action should take place 
under these conditions just as it does in aqueous solu- 
tions, and hydrogen ions should migrate through the 
enamel! toward the scratch to acquire the electrons left 
there by the dissolving iron. The increased evolution 
of gas from this reaction, then, would account for the 
observations made regarding the action of a nickel 
dip. 

Such an explanation might also clarify the fact* that 
nickel dipping a roughened surface or one not carefully 
cleaned usually leads to more blistering instead of less. 
In such cases, the nickel “*nosit probably would be 
patchy; and, during firing, myriad of tiny electro- 
chemical cells at the nickel-iron boundaries might oper- 
ate over the entire plate to increase the dehydration of 
the enamel and thereby increase blistering by the gas 
that is produced during the dehydrating action. This 
“dehydration” of enamel during firing comprises two 
distinct actions, namely, (1) that caused by temperature 
and (2) that caused by chemical reaction with the metal. 
Zapfie and Yarne** have shown that the dehydration 
caused by rising temperature has no effect on enamel 
defects and that only the second action is responsible 
for blistering. Any action, therefore, that will increase 
the dehydration caused by reaction of the moisture 
with the metal will also increase blistering. 

Because electrochemical effects in the fused enamel 
have already been discussed in relation to the forma- 
tion of metal dendrites, it may not be surprising to find 
that the water of hydration in the clay also plays an 
important part in similar electrolytic actions. 


VI. Conclusions 


(1) Blistering which occurs over a scratch mark on the 
steel sheet is consistently caused by hydrogen libera- 
tion, but the mechanism is not simple because the excess 
of hydrogen necessary to produce the blisters may be 
obtained from more than one source. Scratch blisters 
will result when steel, with a certain type of tenacious 
oxide coating, is scratched before pickling because the 
electrochemical and physical effects of the scale increase 
the hydrogen absorption at the scratch sufficiently to 
provide the excess necessary to cause blisters during fir- 
ing. 

(2) The nickel coating obtained from a galvanic nickel 
dip has several marked effects on hydrogen behavior 
all of which are not yet well understood. Nickel is much 
less reactive with moisture than iron, and a uniform 
coating of nickel on the iron will therefore act protec- 
tively, causing less hydrogen absorption during firing 
and, therefore, less fish scaling, copperheading, and, 
pernaps, reboiling. A scratch mark breaks that uni- 
formity aad exposes the bare iron to the moisture in the 
enamel with the result that blisters are produced at that 
point; the blistering may then show reboiling character- 
istics because it is a hydrogen function. Such scratch 
blisters differ from the first type mentioned only in the 
period in which the excess hydrogen is absorbed. There 
is also strong eviderce that, during firing, electrochemi- 
cal action may occur between nickel and iron where the 
coating is nonuniform and that this action may liberate 
excesses of hydrogen at the exposed iron surface. This 
consideration is important because most nickel-dip 
coatings are not uniform, and the nickel dip, therefore, 
may sometimes increase enamel defects and sometimes 
mitigate them. Whether the specimen is scratched be- 
fore or after the nickel dip, the reaction is probably the 
same, because it is unlikely that the nickel deposits uni- 
formly over a scratch. 

(3) The fact that a scratch may act as a ‘‘leak"’ for 
absorbed hydrogen, thereby accentuating the blisters 
over a scratch mark, is suggested by several observa- 
tions as follows: (a) Scratching cold-works the metal 
and opens the microscopic rifts through which hydrogen 
can be abstracted from its solution in the metal; (5) 
difficulties in the application of black edging are caused 
by a similar effect operating at the sheared edges of the 
steel sheet; and (c) the relation ‘f the scratch direction 
to the rolling <lirection of the sheet has a marked ir‘lu- 
ence on the development of scratch blisters. 

(4) Scratch blisters may be caused circumstantially 
by miscellaneous trapping of impurities or collection of 
precipitated salts, but the hydrogen mechanisms offer 
the most satisfactory explanation for the systematic 
occurrence of the defect. 
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RELATION OF SURFACE OXIDATION TO CERTAIN DEFECTS IN ENAMEL 
COATINGS ON STEEL, Ill 


By C. A. Zaprre anp J. L. YARNE 


ABSTRACT 


Oxide on the surface of enameling stock is found to play an important part in control- 
ling the occurrence of hydrogen-caused defects. 


Actually, steel with a preformed oxide 


coating of certain characteristics may be fired directly with a white cover coat without 


incurring fish scaling, copperheading, blistering, or reboiling. 


The oxidizing treatment 


probably removes some of the inherent hydrogen from the stock and then prevents sub- 
sequent absorption during firing from the reaction of iron with moisture which remainy 
in the dried enamel coating. The advantages of preoxidation are discussed. 

All other gases that may evolve from the enamels pass through the enamel without 


causing defacement. 


The primary boil simultaneously oxidizes and hydrogenizes the 


steel; and the pickup of hydrogen, which occurs during firing, is often the portion re- 


|. Relation of Oxide Coatings to General Blistering 


enomena 
(1) Importance of lron-Moisture Reaction 


The fact that moisture in an enamel coating reacts 
with the bare iron to cause blister-type defects during 
firing carries some implications that do not seem to be 
recognized sufficiently, although the role of surface 
oxidation both before and during enameling has been 
widely discussed. Sixty-five vears ago, a patent was 
granted to Niedringhaus and Niedringhaus™ for a 
process in which the steel was deliberately rusted before 
it was enameled by slowly drying a liquid glaze thereon. 
This method was used especially for producing mottled 
ware by overrusting, but good adherence and general 
freedom from enameling defects were also noted. 
Years later, Cooke®* was granted a patent for a process 
that attempted to circumvent the usual pickling pro- 
cedure by oxidizing enamel stock in the mill inmmedi- 
ately after oiling and deep-drawing. The steel could 
then be fired directly with good adherence and with 
noted absence of certain enamel defects that have re- 
cently been shown to be caused by hydrogen. Hom- 
mel? likewise coated the prefired ware with certain 
metal oxides and obtained good results. 

Martin™ more recently has patented a process for 
preoxidizing enameling stock, and the English are 
similarly aware of the fact that preoxidized iron may be 
enameled with good results.' 

Figure 1 (A) shows a specimen similar to those in 
Fig. 12 in the paper on ‘‘Scratch Blisters,”* except that 
the scale in the present case was ‘‘as received from the 
mill” and had consequently suffered some abuse. White 
cover coat fired directly over the uncleaned specimen, 
which was scratched with an “X” before firing, de- 
veloped blistering only where the scale had been re- 
moved by purposeful scratching or by abrasion from 
mishandling. The blisters actually depict the weak 
areas in the scale, and the scale, conversely, acts as a 


protection to the underlying iron, much as does ground 
coat. 


* See p. 189, this issue. 
(1942) 


sponsible for subsequent fish scaling and reboiling. 


A simple test to illustrate the difference in the be- 
havior of scaled and bare surfaces is to oxidize sheet 
steel that has first been marked with a wax pencil. 
Scale forms over all the sheet except the part covered 
with wax. A white cover coat fired directly over the 
specimen then develops blistering only over the bare 
metai (Fig. 1 (B, a and 5)). 

Copper strips in the form of an ‘‘H’’ may be kept on 
the face of a steel sheet during scaling at some high 
temperature. No appreciable oxidation will occur 
underneath the copper plates, and the fired enamel will 
subsequently appear as shown in Fig. 1 (C). 


(2) Substitution of Preoxidized Surfaces for Ground 


Coat 


The striking observation to be made in the tests 
shown in Fig. 1 (A, B, C) is that the enamel has fired 
smoothly and with good adherence on the localized 
portions of unbroken scale, as observed by other in- 
vestigators. The enamel used in all of these tests was 
a commercial brand of white cover coat and was fired at 
800°C. (1472°F.) directly on the steel. This procedure 
was used because it constitutes a most sensitive indi- 
cator of gas evolution. To attain an absence of de- 
fects from gas evolution in such coatings is more difficult 
than when recommended enameling procedures are used. 

One of the most important functions of a ground coat 
then seems to be to protect the cover coat from the base 
metal during firing so that a smooth coating may be 
obtained. Ground coats, in fact, have been developed 
to permit primary boiling gases to find easy elimination. 
After the gases are eliminated, succeeding coats may be 
fired out of contact with the iron and their moisture 
passes into the atmosphere without causing defacement. 
A steel plate only half covered with ground coat and 
then fired with white cover coat is shown in Fig. 1 (3). 
The difference between the surfaces (left and right) of 
the plate illustrate the function of a ground coat in pro 
tecting the iron from the moisture in the enamel and is 
a measure of the disadvantage that must be overcome 
in obtaining a usable product when white coat is fired 
directly on iron. 


° 


Fic. 1—(A) White coat fired directly over origi- 
nal mill scale on steel sheet containing scratches (note 
blisters over scratch as well as over areas abraded by 
mishandling); <3. 

(B) White coat fired directly on iron previously 
marked with wax pencil and scaled; residue from ‘vax 
carefully removed before firing enamel (note smooth- 
ness of coating over oxide); <3. 

(C) White coat fired directly on iron previously 
scaled with copper strips in form of ‘‘H’’ lying on sur- 
face; blistering occurred only over unoxidized por- 

tion that had been protected by copper; <2. 
(D) Steel plate half covered with ground coat 
and fired with white cover coat, showing protec- 
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Fic. 2.—Effect of surface preoxidation on blistering 
during enamel firing; (A) white cover coat fired di- 
rectly on bare iron and (B) white cover coat fired 
directly ou preoxidized iron. 


Two more comparative surfaces, (A) an< (B), are 
shown in Fig. 2. Plate (A) was enameled with white 
cover coat fired directly on the bare metal, and plate 
(B) was previously oxidized by heating for a few min- 
utes in an electric furnace at 760°C. (1400°F.). With 
reasonable care, an oxide coating may be obtained that 
is uniform and impermeable to moisture in the enamel 
slip. No other preparation is necessary. 

That the coating has good adherence, as claimed by 
Cooke’ and others, is shown in Fig. 3. The specimen 
was bent.180 degrees around a 1-in. mandrel without 
chipping the enamel and, after a subsequent reverse 
bend of 180 degrees around a '/;-in. mandrel, appeared 
as shown in Fig. 3. 

Such preoxidation serves most of the purposes of a 
ground coat. There siiould be some additional advan- 
tages for the following reasons: (1) Good adherence, 
which is largely a function of an interfacial oxide layer, 
may be developed as well as or better when the oxide is 
preformed under controlled conditions than when it is 
developed during enamel firing by miscellaneous reac- 
tions of the iron with moisture in the enamel coating 
and with gases in the atmosphere. (2) The variable 


tive effect of ground coat in prohibiting iron-mois- 
ture reaction; (left half) cover coat fired on bare 
iron, X3; (right half) fired on ground coat, <3. 
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and often important quantity of inherent hydrogen in 
enameling stock, which is present in the steel when it is 
received from the mill, would be uniformly decreased, 
perhaps in critical amounts, by the oxidation treatment 
when it is conducted in a suitable moisture- and hydro- 
gen-free atmosphere. The chance factor of hydrogen- 
caused defects appearing anomelously in different lots 
of steel would thereby be reduced. (3) The hydrogen 
pickup during enameling would be largely eliminated 
because no pickling, neutralizing, rinsing, or nickel 
dipping would be required; nor would there be reboil- 
ing, fish scaling, and such defecxs that are often caused 
by hydrogen absorption during the firing of the first 
cvat. A preoxidation treatment has been described,* 
which is similarly applicable for eliminating defects in 
ground coat. 

The commercial value of eliminating the entire 
ground-coat procedure and of substituting just one pre- 
heating treatment seems attractive, although there 


Fic. 3.—Preoxidized specimen in Fig. 2 after two re- 
verse bends around 1l-in. and '/,-in. mandrel, respec- 
tively; X2. 


Fic. 4.—Typical severe blistering caused principally 
by effusion of hydrogen absorbed during firing ini 
coat that was removed by sandblasting before applying 
Present coat; X3. 


(1942) 
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may be cases where, for other reasons, a ground coat 
underneath a white coat is necessary. It is not the 
purpose of the present paper, however, to evaluate 
these experiments from a commercial standpoint. 


(3) Absorption of Hydrogen During Enamel Firing 


The seriousness of hydrogen absorption by the steel 
during the firing of the initial coat has been demon- 
strated in many different ways. The hydrogen which 
is absorbed from the moisture remaining in the dried 
enamel coating during firing, in the opinion of the writ- 
ers, is largely responsible for fish scaling, reboiling, and 
other hydrogen-caused defects. The principal ad- 
vantage of preoxidation is that the severe injection of 
hydrogen that occurs when the ground coat is fired 
would be eliminated. 

Figure 4 shows the severe blistering which consist- 
ently developed when white cover coat was fired on a 
6.1-in. plate that had been previously enameled and 
tnen sandblasted. That the unusual severity of the 
biistering was caused for the most part by hydrogen ab- 
sorbed from the slip during the firing of the first coat 
was proved by a simple experiment. A plate was 
oxidized and then sandblasted free of the scale except 
over positions that left a cross of scale down the width 
and length of the plate. A white cover coat fired di- 
rectly on this plate reacted at the bare areas surround- 
ing the cross to form hydrogen. Part of this hydrogen 
was liberated and caused primary boiling and part was 
absorbed by the steel to be available for reboiling or fish 
scaling. Over the cross of scale, there was no important 
iron-moisture reaction. The entire specimen was then 
cleaned by sandblasting, and the bare plate was fired 


Fic. 5.—White cover coat fired directly on sandblasted, 
previously enameled specimen; original coat fired on 
surface containing cross of scale; severe blistering out- 
lining reappearing cross is result of hydrogen absorbed 
at bare metal areas during first firing; natural size. 
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again with a direct application of white cover coat, as 
shown in Fig. 5. There was the usual strong primary 
boiling all over the sheet where the enamel contacted 
the bare iron, but over those areas which had been bare 
during the rrevious firing, the effusion of gas was so 
excessive (compare with Fig. 4) that the contrasting 
blistered areas redeveloped the configuration of the 
cross. 


(4) A Remark on Primary Boiling 

The specimens she-n in Figs. 4 and 5 lead to a defi- 
nite conclusion regarding the gases that cause primary 
boiling. Heretofore it has been assumed that the gases 
comprise numerous constituents that are given off by 
the enamel during fusion plus gases which are formed 
by reactions of the enamel with the iron and the im- 
purities in the iron, It is true that such gas mixtures 
are evolved because enamel fused in vacuo will produce 
them. In the present work, however, no blistering 
occurred unless the bare iron was exposed to the enamel. 
Other gases given off during fusion of the enamel appar- 
ently escape through the enamels without causing de- 
facement other than possibly opacification bubbles. 
The white cover coat fired directly on the iron, more- 
over, is certainly a delicate test for blistering. The 
water of hydration in the components of the enamel 
also seems to be the determining factor in blistering, 
although it escapes harmlessly into the atmosphere 
when no contact is made with iron. 

Each of the gases liberated, on the other hand, must 
contribute to attaining that critical effusion so that they 
can no longer permeate the enamel without raising a 
blister. It is interesting that hydrogen has proved to 
be the controlling contributor in so many cases, but 
probably the correct interpretation is that the other 
gases alone are usually incapable of defacing the enamel 
and that the hydrogen is the essential component 
whether it causes the blistering by itself or in conjunc- 
tion with a combination of gases. The same explana- 
tion should apply to reboiling. The carbon-oxygen 
“rimming action” that was once proposed as the 
cause of reboiling has been shown, in agreement with 
known facts, to be ineffective at reboiling tempera- 
tures.” The small amount of gas, that forms may, 
in some isolated cases, be the increment that hydrogen 
lacks to cause blistering. 


CHIPS, FISH SCALES, AND SHINERS, IV 


By C. A. ZAPFFE AND J. L. YARNE 


ABSTRACT 


The effusion of hydrogen from enameled steel to cause fractures in the enamei was in- 
vestigated in an attempt to show that this gas may cause defects that range from plate- 


ll. Conclusions 

(1) The role of surface oxidation of steel enameling 
stock assumes a new significance in view of the known 
behavior of hydrogen during enameling. 

(2) If the surface of the steel is preoxidized to obtain 
a uniform coating of certain characteristics, hydrogen 
effusion during firing is so minimized that white cover 
coat may be fired directly on the steel without incurring 
blistering, reboiling, copperheading, or fish scaling; 
furthermore, the adherence is good. Heating the steel 
for a few minutes at 760°C. in an electric furnace will 
develop an oxide coating that is a satisfactory method 
to use to obtain these results. 

(3) Preoxidizing has several advantages as follows: 
(a) When oxidation can be conducted in a proper 
atmosphere free from hydrogen-containing gases, the 
hydrogen content of the steel as inherited from the mill 
is reduced, perhaps enough in some cases so that the gas 
is no longer an important cause of enamel defects; (6) 
the oxide coating protects the iron from the moisture in 
the enamel coating during firing, much as the ground 
coat protects the cover coat, so that primary boiling is 
minimized often to a point where no blistering occurs; 
(c) hydrogen, accordingly, is not absorbed by the steel 
during fir‘ng, and reboiling and fish scaling may thereby 
be eliminated; (d) copperheading is similarly defeated 
because there is neither blistering nor exposure of bare 
iron to the atmospheric gases; and (e) adherence, which 
is largely a function of the interfacial oxide layer, may 
be developed with greater success when the oxide layer 
is preformed under controlled conditions instead of be- 
ing formed during firing by miscellaneous reactions with 
the enamel and the gases in the atmosphere. 

(4) Enamel fired directly on bare iron injects large 
quantities of hydrogen into the iron by the reaction of 
the iron with moisture in the enamel, and this hydrogen 
reappears as a potential cause of fish scaling and re- 
boiling. The water of hydration in the constituents of 
enamel may be the most important single source of 
hydrogen in most enameling stock. Primary boiling is 
principally a result of the hydrogen liberated by the 
reaction of the iron with the moisture in the enamel 
coating. All of the other gases liberated by the enamel 
during fusing are perhaps contributory to blistering, 
but, in themselves, are eliminated from most enamels 
without causing defacement. 


like fractures, or ‘“‘chips,’’ through the known types of fish scales to the most minute 
shiner. The difference in the appearance of these defects was found to depend principally 
on differences in (1) the physical properties of the enamel, (2) the metal-enamel bond, 


and (3) the rate, quantity, and localization of the hydrogen effusion. 
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Reboiling is shown to be related to fish scaling and to the other fracture-type defects 
because all are primarily hydrogen functions. The principal source of the critical quan- 


tities of hydrogen necessary to cause the defects is often found in the water of hydration 
in the dried slip, and the injection of hydrogen by that water during firing is demon- 
strated by experiment just as was shown for blister-type defects (see this is:ue, pp. 


180-90). 


The prevention of fracture-type defects is discussed, and some novel effects of protec- 


tive surface oxidation are illustrated. 


1. Introduction 

In a recent paper, it was postulated that many of the 
chipping phenomena consistently occurring in enamel 
on steel (which excludes chipping caused by mechanical 
mishandling) are caused by hydrogen that effuses from 
the steel and becomes trapped under pressure at the 
metal-enamel interface.*? Several enamelers, how- 
ever, expressed the doubt that hydrogen effusion ac- 
counted for the chipping other than possibly some types 
of fish scales. Shiner scale, especially, was held to be an 
exception. 

Further research was undertaken, therefore, to ex- 
amine more closely the extent of the defacement of 
enamel coatings which might occur when hydrogen in 
the steel attempts to escape after the enamel has solidi- 
fied. The purpose of the present investigation is (1) to 
show that hydrogen may cause enamel fractures that 
range widely in appearance, specifically, chips,* fish 
scales, and shiners; (2) to demonstrate the relationship 
that exists between the fracture-type defects and the 
blister type, such as reboiling; and (3) to discuss the 
control and prevention of the hydrogen-caused chips, 
fish scales, and shiners. 


ll. Enamel Fractures Caused by Hydrogen 
(1) Artificially Produced Fish Scales 


The term “fish scales” designates the enamel frac- 
ture most commonly occurring in practice, and it ap- 
pears to be a defect caused primarily by hydrogen. 
Fish scales may be produced artificially in enamel, in 
which they would otherwise never develop, by intro- 
ducing the critical quantity of hydrogen that the basic 
metal originally lacked. The enameled laboratory pan 
shown in Fig. 1, for example, developed typical fish 
scales after sulfuric acid, which was placed in the pan, 
had digested tne enamel sufficiently to permit the gen- 
eration of hydrogen at the surface of the iron. The 
hydrogen diffused through the bottom of the pan and 
collected underneath the enamel more rapidly than it 
could permeate the enamel. When sufficient pressure 
developed, a fracture appeared that strongly resembled 
an ordinary fish scale, and when the pan was floated in 
water, a bubble arose as each fracture formed. 

Naturally occurring fish scales appear to be caused 
by the same mechanism, except that the necessary 
hydrogen is already present in the metal. Enameled 
ware showing fish scaling, therefore, will release a bubble 
simultaneously with the appearance of the fracture if 


* The term, “chips,” is used in the present work to 
designate platelike fractures that expose the metal. 
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the ware is immersed in a liquid. Heating will greatly 
accelerate the action because the rate of the hydrogen 
effusion is accelerated. 


(2) Artificially Produced Chips 

Although the example of fish scaling shown in Fig. | 
is probably the most commonly observed type of hydro- 
gen-caused fracture, other types may appear. The 
erupted section may be expected to assume numerous 
shapes whose appearance will depend largely on (a) the 
physical properties of the enamel, (6) the nature of the 
adherence of the enamel to the metal, and (c) the rate, 
quantity, and localization of thx gaseous effusion. 


Fic. 1.—Outside of enameled laboratory pan that 
contained sulfuric acid, showing fish scales produced by 
hydrogen that had diffused through the pan; X2. 


A laboratory pan purchased from a different company 
reacted as shown in Fig. 2. The foregoing experiment 
was duplicated so that a difference in the enamel coat- 
ing must have been responsible for the great change in 
the appearance of the fracture. Whole sheets of enamel! 
were exploded from the bottom of the pan, and there 
was little resemblance of the fracture to the defect 
called fish scales. Enamelers have commonly blamed 
such chipping on poor adherence; but the enamel pan 
had given good general service in the laboratory until its 
weakness was exposed by the effusing hydrogen. 


(3) Progression of Fractures Caused by Hydrogen 
(A) Chips — Fish Scales —»+ Shiners: Different 

types of steel enameling stock were fired with several 

different commercial brands of ground- and cover-coat 
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enamels to obtain the variation in properties of the en- 
ame! and in hydrogen absorption and effusion that is 
necessary to develop a wide range of fracture-type de- 
fects. With the exception of the specimen shown in 
Figs. 1 and 2, however, all of the specimens shown were 
standard enameling steel of the following analysis: C 
0.025, Mn 0.030, P 0.009, S 0.035, and Si, trace. Enam- 
eling stock, 0.100 to 0.150 in. thick, was used in most 
of the tests because a thicker section acts as a larger 
reservoir for hydrogen and leads to a greater dev« ‘op- 
ment of enamel defects. 

Fractures were obtained that illustrated the gamut of 
defects from chips to shiner scale, and the formation of 
each was accompanied by the evolution of gas which 
could be observed as a bubble when the specimen was 
placed in water. No defect not accompanied by such 
gas evolution is considered in the following discussion. 

A patch of thin scale was purposely left on one speci- 
men to cause poor adherence over that area. The 


Fic. 2.—Another pan, treated as in Fig. 1, showing 
chips Fee commonly blamed only on poor adher- 
ence; X2. 


Fic. 3.—(A) 
also caused by hydrogen. 


Journal of The American Ceramic Society—Zapffe and Yarne 


ground coat was applied, and fish scales developed in the 
enamel surrounding the patch of scale. Over the scale, 
however, the whoie layer of enamel was exploded away 
by the effusing hydrogen. The resulting platelike frac- 
ture (see Fig. 3 (Aj) was analogous to that shown in 
Fig. 2 and would ordinarily be blamed on poor adher- 
ence alone. 

Another specimen was fired with both ground and 
cover coats. Such ware is less amenable to fish scaling 
because each firing after the initial coat reduces the 
hydrogen cerntent of the metal Fractures appeared, 
however, and the adherence of the ground coat was such 
that the fracture exposed the iron. The defect would be 
called « chip in the present terminology. Circular, 
craterlike chips and semicircular chips were found on 
the same specimen (see Fig. 3 (B)). The semicircular 
fracture, (b), is interesting because it represents the 
boundary condition where a chip approaches in appear- 
ance the half-moon configurations which is character- 
istic of fish scales. 

On the other hand, a specimen fired to obtain good 
adherence but with an unusvally thick coating developed 
a fracture that was platelike and did not bare the metal 
(see Fig. 3(C)). This defect could not be called a chip 
in the present sense, although it was larger than that 
shown in (A). Together with the semicircular fracture 
shown in Fig. 3 (B, 6), it constitutes another example of 
the lack of distinction existing among many of these 
defects. 

Figure 4 shows the commonly observed type of fish 
scales developed in a white cover coat. In the typical 
crescent-shaped fracture, (A), one fracture overlies 
scratch blisters (upper left). 

Figure 4 (B) shows similar fractures that have a 
significant characteristic. The enamel in many of the 
fish scales has not been removed but has only been frac- 
tured sufficiently so that the gas could escape. In 
opaque cover coats, & thin line on the surface is the 
marking of such a fracture. In ground coats, however, 
where there is some transparency, the fractured faces 
give rise to reflection phenomena, which have led to 


Platelike chip caused by hydrogen effusing at area of poor adherence; note surrounding fist: scales 


(B) Chips caused by hydrogen effusing at regions of fair adherenve; (a) craterlike fracture and (b) semicircular 


fracture resembling fish scale; x 5. 


(C) Giant fish scale caused by hydrogen effusing under enamel having good adherence; no metal exposed. 
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classifying certain instances of this type of defect as 
“shiners.” Because small and deep-seated fractures 
are less likely to remove overlying enamel, the shiner- 
type of defect is regularly associated with minute frac- 
tures, winch often are recognized as a uniform glittering 
rather than as an individual defect. 

Figure 5 shows a shiner-type defect in ground coat at 
a magnification of 25 times. In direct light, the fracture 
appears the same as those in opaque cover coat, but re- 
flection phenomena in oblique light give the fracture 
th. brightness that characterizes the defect.* 

A macrograph, Fig. 6 (A), shows typical shiner scale, 
and it can be seen that the sizes of the individual shiners 
may vary perhaps a hundredfold. One of the larger of 
the shiners, Fig. 6 (B), is shown magnified 25 times. 
The fracture in this cass has removed a small 
amount of enamel. Shiners of this size or type can be 
located by touch or by sight as tiny surface spalls as well 


* Some enamelers may regard the so-called shiners in 
these figures as a type of fish scale and as unrepresenta- 
tive of true shiners, which are usually so small they lose 
individual identity to the naked eye. Under the micro- 
scope, however, only size differentiates one from the other, 
and the larger are easier to photograph. 


Fic. 4.—Typical fish scales caused by hydrogen 
effusing underneath white cover coat, showing some 
fractures that removed enamel and others that only 
permitted the hydrogen to escape. 
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as by their brightness. Ata magnification of 50 times, 
smaller shiners are shown (Fig. 6 (C)) that have only 
fractured the enamel enough to permit the hydrogen to 
escape. Ware with shiner scale of this size and type 
will show the defacement only when viewed under a 
certain light because no surface marking can be found 
without high magnification. 

These fractures differ from fish scales and even-from 
chips, principally in degree. Shiners appear to require 
(a) a highly developed interfacial oxide layer, preventing 
deep extensive fractures, or (6) a thin coat or both. 
Their appearance and occurrence are apparently con- 
trolled by the properties of the enamel and by the lo- 
calization and intensity of the hydrogen effusion just as 
are the other kydrogen-caused enamel fractures. 

The thickness of the coating strongly controls the 
size of the shiner. The plate shown in Fig. 7 was fired 
with an application of ground coat so thick that tearing 
occurred during firing. A central area was left bare 
during the first firing, and a very thin ground coat was 
then fired over the entire specimen. Over the area that 
was formerly bare, such tiny shiners developed that 
most of them were visible as individuals onty under high 
magnification. The fractures in the thick enamel were 
so large that they would probably be ciassed ordinarily 
as fish scales. No enamel was removed, however, nor 


Fic. 5.—Magnification of fracture in ground coat 
similar to those in cover coat shown in Fig. 4; (A) 
direct light showing only surface marking and (B) 
oblique light showing reflection that characterizes 
the shiner; X25. 
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were the fractures crescent-shaped. All were simply 
fissures, acting as passageways for the escaping gas. 

The effect of the thickness of coating is shown in 
another way in Fig. 8. Two specimens, (A) and (B), 
were fired with moderately thin and thick coatings, re- 
spectively, and a third, (C), had a normal coating con- 
tainingathickseam. The thinly coated specimen, (A), 
developed uniform small shiners; the thicker coat, (8), 
developed many larger shiners; and the seam on the 
third plate, (C), was exploded away in pieces nearly an 
inch long. 

An unusual type of defect caused by hydrogen is 
shown in Fig. 9. During the firing of a heavy ground 
coat on a piece of steel, which was thick and contained 
much hydrogen, some blisters became glazed over with a 
layer that was apparently strong and highly imperme- 


Fic. 6.—Shiners caused by hydrogen: (A) enamel 
showing many sizes of shiners, X3; (B) large shiner, 
X25; and (C) small shiners, « 50. 
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able to the gas. After cooling, the continued effusion of 
hydrogen from the same locus caused the enamel to 
fracture circularly around the glazed bubble, and a 
defect appeared that resembled an eye. 


Ill. Relation Between Fish Scaling and Reboiling 


Nearly ten years ago, Schaal and Fuller* anticipated 
the present work by suggesting that fish scaling and 
boiling were related, but their views were largely dis- 
credited for lack of proper evidence. Now that it has 
been shown that navdrogen may cause many of the frac- 
ture-type defects, there is good reason tc believe that a 
relationship exists between the fracture and blister 
types of defects. 

One of the best-established characteristics of enamel 
firing is that sheet enameled only on one side will not 
reboil. The observation conforms perfectly to the 
hydrogen theory because stcel is so permeable to hydro- 
gen at reboiling temperatures that the gas cannot 
collect under pressure on one side of the sheet when the 
opposite side has no such atmosphere, and much of the 
gas, therefore, escapes through the blank side. The in- 
jection of hydrogen during firing by the decumposition 
of moisture in the sip, moreover, is only one half as 
great when one side is ieft bare. Hydrogen is the only 
gas that can explain this phenomenon. 

Fish scaling shows a related behavior, which conforms 
with the hydrogen theory. At ordinary temperatures, 
steel is so impermeable to hydrogen that conditions on 
the opposite side of the specimen usually have no influ- 


Fic. 7.—Specimen enameled with thick ground coat 
except over central strip ard refired with thin coating 
over ertire plate, showing dependence of size of shiner 
on thickness of enamel; <3. 
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ence. The use of steel tanks for hydrogen storage illus- The same behavior is shown in another way in Fig. 11. 
trates this characteristic. During firing, however, A ground coat was fired on both sides except for a cen- 
hydrogen will be lost through the bare side of aspecimen __tral strip that was left bare on one side, (A). On the 
coated only on one surface, as stated previously; in 
addition, less hydrogen is injected. The hydrogen con- 
tent of the specimen, as a resuit, may be decreased to a 
point where fish scaling cannot occur unless the piece is 
so thick that the removal of the gas is made less effec- 
tive. 
If a specimen is coated over one half of the plate on 
both sides and on one side only over the other half, fish 
scales should occur preferentially over the double- 
coated portion. Figure 10 shows that this is exactly 
what happens. No fish scales appeared over the single- 
coated portion in tests made in the present research. 


Fic. 9.—Unusual fracture caused by hydrogen effusing 
under glazed-over blister in ground coat; X 10. 


Fic. 8.—Specimens showing effect of enamel thick- 


ness on fractures: (A) plate fired with thin ground . vi . . 
coat, (B) plate fired with thick ground coat, and (C) Fic. 10.—Fish scales in ground coat showing rela- 


plate fired with normal coat containing thick seam; tion to reboiling: (A) back of plate only half coated, 
x3. <2: (B) front of same plate, x2 
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Fic. 11.—Fish scales in ground coat showing rela- 
tion to reboiling: (A) back of plate coated except over 
bare central strip and (B) front of plate; »<2. 


opposite face, (B), fish scales and shiners developed in 
great profusion except over the underlying bare area, 
where none appeared. 

A white cover coat fired over the specimens in Figs. 
10 and 11 showed reboiling only over those areas that 
had fish scaled, which conforms with the previously 
stated facts regarding the relation of reboiling to one- 
side coats and also corroborates the relationship be- 
tween the fracture and blister types of defects which 
has been stated. 


IV. Importance of the Water Content of Dried 
Enamel Slip 


All defects caused by hydrogen in steel, whether in- 
ternal or external, seem to be result of pressure. 
Even hydrogen embrittlement of steel appears to be 
caused by pressure." The accumulation of the gas as 
molecules at some edge of the iron lattice is a necessary 
preliminary to the appearance of the defects. Each de- 
fect requiring a certain pressure for its formation conse- 
quently requires a certain minimum quantity of hydro- 
gen that is a critical value for that particular defect. 

The importance of these “critical” quantities cannot 
be overemphasized, especially if the gas content com- 
prises several sources, because it may be possible to pre- 
clude the occurrence of the defect simply by eliminating 
or mitigating one source of the hydrogen. 

The quantity of water remaining in dried enamel slip 
seems to have much more importance in causing enamel 
defects than has been recognized in the literature. The 
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hydrogen injected into steel during firing by decom- 
position of this moisture in fact may often constitute 
the critical quantity required to cause subsequent 
enamel defects. The total water content of dried slip 
probably comprises principally ‘a) the adsorbed mois- 
ture that remains throughout low-temperature drying 
and (b) the water of hydration in the clay. It is not the 
purpose of the presenc paper to discuss the water con- 
tent of the clays that may be used for enamel slip, but 
the noticeable differerces among clays in their tendency 
to promote enamel ¢c fects seems to warrant closer con- 
sideration by enamelers in respect to hydrogen absorp- 
tion during enamel firing. At least one investigator 
has found an indication that clays having lower ignition 
losses tend to produce less fish scaling. Such a rela- 
tionship may not become clearly defined until other 
sources of hydrogen are kept at some constant value; 
it is particularly significant, therefore, that such an 
observation has already been made. 

Where the applied slip is thick or where it is not dried 
sufficiently to fire without tearing, chipping and scaling 
often occur (see Fig. 12 (A) and also Fig. 7). Such 
chipping ordinarily has been blamed on poor adherence 
caused by the evident overoxidation, but closer obser- 
vation of the specimens in Figs. 7 and 12 will show that 
the fractures have not occurred in the oxide layer. The 
excess oxidation is more likely to be only coincidental 
with the delivery of excess hydrogen to the metal by the 
moisture in the slip.* 

Blistering and reboiling can be caused by hydrogen 
that is injected, during firing, from moisture in the 
enamel coating.** Figure 12 (B) shows an experiment 
that may be used to illustrate the same relationship for 
fish scaling. The ground coat, fired on both sides over 
one half a specimen, was removed by sandblasting, and 
the plate was then fired with a complete coating. Fish 
scales and shiners developed in abundance over the half 
of the plate that had previously been fired. Kerstan,'* 
by actual analvsis, found that the hydrogen content of 
enameling stock was increased five times by the initial 
firing. 


V. Controlling Fracture-Type Defects Caused by 
Hydrogen 

The following experiments were performed to illus- 
trate that the appearance of the fracture type of defects 
is controlled largely by the properties of the enamel and 
its adherence to the steel. A plate was sandblasted 
clean of oxide scale except over a central strip, and 
ground coat was applied. Fish scales appeared, 
sharply outlining the scaled area (see Fig. 12 (C)). A 
chip of large size also developed at the section where the 
oxide coating was so thick that adherence was negligible 
and the effusing hydrogen lifted the enamel to cause a 
platelike fracture. The fish scales occurred only at the 
boundary of the oxide island. The conditions at such a 
boundary are perhaps most conducive to hydrogen- 
caused fractures because the adherence is poor, and 


* Higgins and Deringer (see reference 10) point out that 
the oxide tends to flux the enamel, making it more dense 
and therefore less perrreable to hydrogen at those loci. 
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Fic. 12—(A) Fish scales overlying heavily oxi- 
dized areas of tearmarks (see also Fig. 7); <3. 

(B) Fish scales in ground coat fired on plate previ- 
ously enameled on right half and sandblasted clean 
before present coating was applied; excess fish scales 
and shiners caused by hydrogen absorbed during firing 
former coat; <2. 


hydrogen, in addition, has been injected during firing 
into the bare metal immediately adjacent. 

Another specimen with a slightly different oxide 
coating developed fish scales, first at the boundary of 
the oxide and later over most of the oxidized area. 

These tests indicate that the nature of the oxide inter- 
layer may lead to an appreciable latitude in results. 
Additional specimens were cleaned completely and 
given various preoxidation treatments. The details of 
this process will not be presented here because they 
require further investigation. Some tentative conclu- 
sions may be drawn, however, and the results to be de- 
scribed are easily reproducible when the preoxidation 
treatment is controlled. 

Generally speaking, if the oxide is loosely adhering, 
the iron receives but little protection from the hydro- 
gen-injecting moisture reactiun, and the adherence and 
permeability of the enamel may be affected one way or 
another by the preformed oxide. Figure 12 (D) shows 
a specimen with such a coating over one half its surface 
and fired with a ground coat. Severe fish scaling de- 
veloped over the preoxidized area. The oxide appar- 
ently weakened the enamel or decreased its permea- 
bility to hydrogen, but the hydrogen absorption was 
not decreased during firing. 

There was also a marked difference in the bubble 
Structure of the enamel over the two halves of the 
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(C) Fish scaling ana chipping in ground coat fired 
on plate sandblasted free of scale except at area out- 
lined by fish scales; natural size. 

(D) Ground coat fired on specimen containing 
loosely adhering oxide on right half; x2 


specimen shown in Fig. 12 (D). At the outset of the 
present investigation, it was found that ground coats 
differed greatly in their tendency to fish scale. The 
enamels most sensitive to fish scaling were usually 
those that appeared most transparent or glassy. In- 
sensitive enamels generally had a well-developed bubble 
structure that lent opacity to the coating. In the con- 
sideration of the importance that has just been ascribed 
to critical hydrogen pressures, the bubble cavities with- 
in the enamel would be expected to have a tendency to 
dissipate those pressures and thereby to reduce the 
harmful effect of hydrogen. The specimen (Fig. 12 
(D)) likewise had an unusually pronounced bubble 
structure in the enamel on the bare metal where no fish 
scales appeared, but there was a minimum of bubbles 
over the oxide. Iron oxide is a powerful fluxing agent 
and may act to remove bubbles by reducing the vis- 
cosity of the molten enamel. Other specimens, how- 
ever, also showed fish scales where the bubbles were 
most evident. It must be recognized that many factors 
may enter in the development of these defects. 

The specimens next prepared had a tightly adhering 
surface oxide, and the results were comparable with 
those obtained for blistering during another research.™ 
Such close-adhering oxide protects the iron from the 
moisture reaction during firing; no iron is oxidized dur- 
ing firing, and, therefore, no hydrogen is absorbed. The 
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Fic. 13.—(A) Ground coat fired over tightly adhering oxide coating in form of initial ‘‘N’’ on sandblasted 
steel plate showing restriction of shiners to unoxidized portion and only few fish scales over oxide; note position 
of fish scales at boundary of oxide; <2. 

(B) ‘“‘Negative’’ analogous to specimen in (A), again showing restriction of shiners and fish scales to un- 
oxidized portions of plate; <2. 

(C) Specimen similar to those in (B) but with intermediate type of oxide coating; <2. 


adherence, furthermore, was much improved over that 
in foregoing experiments, probably because the protec- 
tive action prevented the development of an excessive 
amount of iron oxide. 

Figure 13 (A) shows a specimen which was given a 
protective oxide coating and then was sandblasted, ex- 
cept over a certain area, in the form of an initial. Fish 
scales and shiners in subsequently applied ground coat 
were restricted in a remarkable manner to the unoxi- 
dized area. The few fish. scales that did appear over 
the oxide, in fact, were slow in developing and may 
have been the result of (1) abrasion of the oxide coat- 
ing during sandblasting (a difficult operation), (2) 
failure to develop the best oxidizing procedure in this 
preliminary study, or (3) hydrogen already present in 
critical amounts. 

A “‘negative”’ of the Fig. 13 (A) specimen is shown in 
Fig. 13 (B). The oxide was removed only over the area 
depicting the initial. The shiners again were entirely 
restricted to unoxidized portions as were the fish scales 
to a large extent. Fish scales have occurred in all 
specimens usually at the oxide boundary, which has been 
discussed in connection with Fig. 12 (C); it is interest- 
ing to note that the fractures in the present experiments 
regularly overlay the bare metal. The fracture appears 
to begin exactly at the oxide boundary and to extend up 
through the enamel overlying the bare metal. 


The foilowing experiment is a further demonstration 
of the great diversity in results which may be effected 
by changing the oxide interlayer. Varying types of 
defects have been produced or elirinated preferentially 
over oxide. Figure 13 (C) shows a specimen similar to 
specimens (A) and (B) except that an intermediate oxi- 
dizing treatment was applied. Fired with ground coat, 
the plates developed both shiners and fish scales without 
apparent relationship to the oxide interlayer. 


VI. Prevention of Fracture-Type Defects 


From the foregoing experiments, it appears to be 
possible to control hydrogen-caused enamel fractures 
by preoxidizing the steel. Because the quantity of 
hydrogen injected into the steel during ordinary enamel 
firing is apparently often critical to the appearance of 
the defects, such defects may be avoided by protecting 
the steel during firing. The advantages of the preoxida- 
tion treatment, for example, are as follows: (1) The 
treatment removes some of the hydrogen already pres- 
ent in the steel; (2) the oxide coating prevents further 
absorption of hydrogen until the coating has been 
applied; and (3) if the preformed oxide layer can be 
substituted for the layer ordinarily formed during eu- 
amel firing, the improved control in forming that layer 
by pretreatment may lead to better enameling practice. 
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14.—Typical specimens showing protective 
effect of proper oxide coating for prevention of frac- 


ture-type defects: (A) ground coat fired on bare 
sandblasted plate and (B) same on preoxidized plate; 
x3. 


The development of specifications for the type and 
thickness uf the oxide coating and the attendant details 
belongs to another research. Some preliminary results 
are shown in Fig. 14 The two specimens, (A) and 
(B), were identical in every respect except that one was 
preoxidized. Both were fired to produce fish scales 
and were heated to 150°C. for several hours after firing 
to accelerate the production of the defect. Severe 
fractures appeared in the enamel fired on the bare 
plate, (A), but none appeared on the preoxidized 
plate, (B). Adherence, as far as could be judged, was 
good. 

There are other ways to avoid the fracture type of de- 
fects. In the present research, for example, the speci- 
mens could not be made to fish scale under any condi- 
tion if the piece were cooled slowly enough after firing. 
The fish-scaling action, of course, is simply that hydro- 
gen is being thrown out of the iron lattice more rapidly 
than it can diffuse through the enamel, and the ejection 
is caused by the decrease in solubility which occurs 
with decreasing temperature. If the temperature is 
lowered sufficiently slowly, fish scaling cannot occur. 

The defects may also be minimized or perhaps 
avoided by preheating the slip-covered ware at some 
elevated temperature before firing. Such preheating 
removes some inherent hydrogen from the steel and 
possibly drives off some of the water of hydration that 
inay be a fraction important enough to preclude injec- 
tion of critical quantities of hydrogen during firing. 
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Vil. Conclusions 


(1) Hydrogen may cause a progression of the fracture 
type of defects in enamel, which range from platelike 
“chips” through fish scales and down to the smallest 
shiner scale. The variegated appearance of these de- 
fects is principally a function of the properties of the 
enamel, the adherence of the enamel to the steel, and 
the localization, quantity, and rate of effusion of the 
hydrogen. 

(2) Such fracture defects are therefore directly re- 
lated through hydrogen to reboiling and to some blis- 
tering phenomena, and this relationship may be demon- 
strated by experiment. Steel showing fish scales will 
often also show reboiling when the same gas effuses 
during subsequent firing. Steel which is enameled only 
on one side similarly will rarely develop fish scales, just 
as it will rarely reboil, because hydrogen escapes 
through the bare side during firing. When it is coated 
on both sides, the specimen receives hydrogen through 
both surfaces durin; firing, and the enamel layer then 
acts protectively to prevent the subsequent escape of 
the gas. 

(3) The quantity of water that remains in enamel 
slip after drying is an exceedingly important source of 
hydrogen because its reaction with the iron is simul- 
taneously an oxidizing and a hydrogenizing reaction. 
Hydrogen which is injected into the ware in this manner 
during the firing of the initial coat may often constitute 
the critical quantity necessary to cause enamel defects. 
A new importance should, therefore, be attached to the 
water content of clays. 

(4) If the steelis given a certain type of oxide coating 
before it is fired with ground coat, hydrogen-caused 
enamel fractures may be avoided, probably because the 
oxidizing treatment lowers the initial hydrogen content 
and prevents subsequent absorption of the gas during 
firing by protecting the iron from the moisture in the 
slip. The great latitude in temperature and the nature 
of oxidizing treatments offers interesting invitation to 
research. 

(5) Hydrogen-caused enamel fractures may also be 
avoided or minimized by preheating the slip-coated 
ware at some elevated temperature before firing. 
Some hydrogen is removed by such treatment, and a 
portion of the water of hydration may also be removed 
so that its importance during firing will be reduced. 
By slow cooling after firing, all subsequent hydrogen- 
caused defects can be avoided. 


Discussion by Karl Kautz * 

The authors have demonstrated beyond doubt that 
hydrogen in steel may cause fractures in vitreous en- 
amel coatings. Hydrogen, as they suggest, may be the 
sole cause of fish scales, or it may be only a contributing 
cause in conjunction with other known or unknown fac- 
tors. The fact that commercial vitreous enamels ap- 
plied on metals other than steel, notably copper, seldom 
fish scale substantiates their theory. 

In 1936, the writer'* showed a photomicrograph of a 


* The Climax Molybdenum Company of Pennsylvania, 
Langeloth, Pa. 
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section cut through a shiner scale which had a large 
crystal of magnetite (FesO,) imbedded in the enamel at 
the fracture. This magnetite crystal led to the belief 
that shiner scales were caused by the difference in rate 
of thermal contraction between the cooling ground-coat 
enamel and these large crystals of magnetite. 

Enamelers, through years of observation, have associ- 
ated fish scales with underfiring (lack of bond) and 
shiners with overfiring (absorption of too much iron 
oxide). Studies of firing time have shown that fish 
scaling does not occur in enamels when they are fired 
to the glossy state (about 1'/, minutes at 1580°F. on 20- 
gauge steel with a coating of 36 gm. per sq. ft.). They 
do occur, however, throughout the interval after the 
glossing to the time maximum adherence is developed 
(approximately 1'/, to 5 minutes). Beyond this stage, 
true fish scaling does not occur again with increasing 
time of firing. With overfiring (which begins at 15 to 
20 minutes for this thickness of coating), tiny fractures 
(shiners) again appear and persist almost until the 
enamel is completely saturated with hematite (Fe,O;), 
despite the fact that the enamel layer has excellent 
adherence to the steel base. 


(1) Proposed Hydrogen Theory 

After the enamel has glossed over, it is resting on a 
thick porous layer of primary scale which is weakly a.- 
tached both to the enamel and to the steel. Although 
adherence is very poor, no fish scaling occurs. Any 
pressure of hydrogen could be easily dissipated in the 
thick, porous scale, and thus no fish scaling would occur. 
When this primary scale dissolves, however, and before 
maximum adherence is developed, there exists a period 
where hydrogen pressure undoubtedly could cause 
fractures in the weakly attached enamel. 

Hydrogen is evolved from the steel base during this 
heat-treatment (primary boiling and blistering) so that 
there is not sufficient hydrogen pressure left to cause 
fractures after maximum adherence is developed. 
How then could hydrogen cause shiners? Additional 
quantities of hydrogen should be evolved from the steel 
base during the excessive firing time necessary to pro- 
duce shiners so that the pressure of hydrogen would be 
much less than at the normally fired stage. Because 
adherence is practically as good at this stage as in 
normally fired enamels, it does not seem logical that 
this decreased hydrogen pressure could p-oduce shiners 
if a greater pressure does not produce fish scales in 
normally fired coats. 

The authors possibly may have not really produced 
true shiners in their experiments. Working with heavy 
steel plates (0.100 and 0.150 in. thick) and high silica 
ground coats, fish scales of all grades and variations 
might occur, but the conclusion that shiners are simply 
tiny, hydrogen-produced fish scales should be ques- 
tioned. 

This point can be proved or disproved only by apply- 
ing an enamel coating to a base which is known to be 
free of hydrogen but is still producing shiners. The 


two conditions which must be fulfilled are (1) that 
hydrogen must be absent or nearly so in the base and 
(2) that the base must furnish FeO for solution in the 
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enamel, Attempts to produce shiners in an enamel 
layer over powdered iron applied to a ceramic base were 
unsuccessful because the iron powder became suspended 
in the enamel and caused copperheads. Enameling- 
iron specimens (0.036 in. thick) were heated in air at 
1600°F. until all metallic iron had been converted into 
scale. The composition of this scale was principally 
magnetic oxide (FeO and Fe,O;), rich in FeO; at the 
cuter surface and rich in FeO at the center. This scale 
was very porous and undoubtedly free of any appreci- 
able amount of hydrogen. It could furnish FeO for solu- 
tion by the enamel although not to the same degree as 
metallic iron. A thin coating of commercial cobalt 
ground-coat enamel was applied to these specimens of 
magnetic oxide scale and fired at 1600°F. at a time 
which ranged from 15 to 25 minutes. 

An examination of these specimens revealed a few 
tiny, amber-colored sparkling shiners, enough to justify 
the conclusion that shiners can be produced by means 
other than by hydrogen pressure. In these experi- 
ments, the formation of shiners probably was hampered 
to some extent by the large amount of Fe,O, being 
absorbed by the enamel with the FeO. The solution of 
FeO from this scale and its conversion to large magnetite 
crystals near the outer surface of the enamel could ac- 
count for these shiners just as FeO, which was produced 
at the steel surface, could account for shiners in over- 
fired ground coats. 

Zapffe and Yarne* have observed that fish scales sel- 
dom occur on steel that is coated with vitreous enamels 
only on one side. Using a high borax-cobalt ground 
coat on one side caly and 18-gauge sheet steel, the 
writer has verified this observation. No fish scales 
appeared wa these specimens even though they were 
underfired, but shiners appeared when these specin ens 
were overfired. The fact that these specimens did not 
fish scale with underfiring but developed shiner scale 
with overfiring demonstrates that hydrczen may have 
little to do with the formation of shiners. 


Reply by C. A. Zapffe and J. L. Yarne 


Kautz’s observations are interesting but also possibly 
illusory. The fact that glasses and refractories may 
crack from their own thermal stress is too well known 
to ignore, and shiners are simply tiny internal cracks. 
Heterogeneous expansions or contracticns caused by 
foreign particles, such as undissolved iron oxide in 
enamel, may likewise possibly cause local cracking that 
simulates shiner scale. This anomalous factor, as sug- 
gested by Kautz, may aggravate a certain restricted 
portion of the long chain of defects caused by the 
exudation of hydrogen from the steel base. 

The magnetite crystal hypothesis, nevertheless, can 
have but a secondary interest because it can ¢ aly com- 
plement the hydrogen mechanism alread« proposed. 
Although our wrk may be open to some question on 
this point because it is qualitative and in some respects 
speculative, how can such work as that of Higgins and 
Deringer” be contested? Kautz states fish scaling 
does not occu. when pieces are fired to develop maxi- 
mum adherence and that, after firing for maximum ad- 
herence, insufficient hydrogen remains to cause fish 
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scaling. Higgins and Deringer, however, collected the 
hydrogen evolved from the fish scales of specimens 
which were deliberately fired so that the bond was a 
maximum. Kautz intimates that shiner scales occur 
only after excessive overfiring, but shiner scales are 
found in industry in normally fired ware. Kautz, 
moreover, appears to miss a fine point in the behavior 
of hydrogen when he states that excessive firing should 
tend to remove the gas so that less would remain than in 
normally fired ware. In the first place, as has been 
shown in metallurgical experiments with hydrogen in 
steel, prolonged heating at enamel-firing temperatures 
may not evolve appreciable quantities of hydrogen. 
On the other hand, overfiring burns the enamel to a 
thinner and more impervious coat, weakens the enamel, 
and eliminates the bubble structure which otherwise 
serves to entrap large quantities of hydrogen and there- 
by defeats the development of gas pressure. 

The fact that thin sheets and sheets coated only on 
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one side may show shiner scale from overfiring but wil! 
not develop fish scales from underfiring is in no way a 
rebuttal for the hydrogen theory. The explanation is 
simply that less hydrogen is requived to cause a shiner. 
The importance of critical quantities and pressures of 
hydrogen in causing these defects must be taken into 
consideration. 

Kautz’s suggestion is factual and interesting but prob- 
ably relatively unimportant, and his conclusions are 
drawn from excessively abnormal conditions and from 
few and indecisive tests. He has shown only that local 
intrinsic stresses may also crack the glass-type aggre- 
gates, and this is admittedly true. 

The systematically occurring chips, fish scales, and 
shiners, however, the authors still believe to be generi- 
cally identical. They are caused by hydrogen gas exud- 
ing from the steel, and they differ in appearance only in 
accordance with the physical differences of the enamels 
and the nature of the gas effusion. 


FURTHER CONSIDERATIONS OF HYDROGEN AS A CAUSE OF ENAMEL 
DEFECTS, V 


By C. A. Zaprre ANp C. E. Sims 


ABSTRACT 


The argument that reboiling is primarily a function of hydrogen is expanded with addi- 
tional evidence obtained from metallurgical research during the past year. The behavior 
of hydrogen in rimming-steel enumeling stock is discussed, and an explanation is given 
for the varying behavior of the edg+ and center sections of rimming-steel sheet in the de- 
velopment of certain hydrogen-caused defects. 


|. Enamel Defects Derived from Contamination of 
Pickling Acid 


(1), Experimental Evidence of Increased Hydrogen 
Absorption from Used Acid 

In the course of the work on “‘scratch blisters,”"™ it 
was suspected that much of the inconsistency in repro- 
ducing blistering conditions lay in the contamination 
of the pickling solution. A series of tests was con- 
ducted in which all conditions were identical for dupli- 
cate specimens except that one was cleaned in freshly 
prepared acid and the other in used acid containing 
visible crystals of ferrous sulfate. As in the work with 
cast iron,™ * white cover coat was fired directly on the 
specimens to give maximum blistering. These speci- 
mens, therefore, cannot be compared with those ob- 
tained from recommended enameling practice. 

Specimens of sheet-steel enameling stock, as received 
from the mill, were given a standard preparatory treat- 
ment except that each was scratched before pickling so 
that information from the research on scratch blisters 
could be used.** Scratch blisters developed on the speci- 
men which had been cleaned in fresh acid ((a) of Fig. 1 
(A)), indicating that the mill oxide had been of the par- 
ticular type that leads to such blistering.™ Blisters on 
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specimen (b), Fig. 1 (A), which had been cleaned in old 
acid, were not so evident over the scratches, but they 
were Cispersed and more severe over the entire plate. 

Two more specimers were oxidized at 480°C. to 
equalize their surface conditions (Fig. 1 (B)). The 
scale produced at this temperature does not lead to 
scratch blisters,* so that neither specimen developed 
that defect, but the blistering was distributec and again 
was much more severe on specimen (6), Fig. 1 (B), 
which was pickled in old acid. 

The experiment was repeated, using the same type of 
surface oxide, but the specimens received a nickel dip 
before firing (Fig. 1 (C)). The plate prepared in fresh 
acid, specimen (a), Fig. 1 (C), now showed some scratch 
bliste:s, which may be attributed to the effect of the 
nickel dip*; specimen (5), Fig. 1 (C), which was pre- 
pared in old acid, however, blistered so badly that no 
demarcation whatsoever of the scratches could be 
identified. 


(2) Diegetietes of Surface Impurities as Cause 
of Increased Blistering 


One of the first explanations to suggest itself for the 
deleterious effect of old acid is that ferrous salts, which 
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were in obvious supersaturation in that solution, de- 
posited on the surface during pickling. A set of plates 
was therefore prepared in the usual manner except that, 
after pickling, each plate was immersed for thirty 
seconds at 75°C. either in sodium cyanide or in tartaric 
acid solutions recommended for dissolving ferrous salts. 
Figure 2 shows the surfaces after firing the enamel on 
the plates treated with sodium cyanide, and Fig. 3 
shows the results of the tartaric acid treatment. The 
comparative severity of blistering between specimens 
pickled in fresh and in old acids remained unaltered 
through each treatment, as far as could be judged. 


Fic. 2.—White ename! fired on duplicate specimens 
immersed 30 seconds in hot scdium cyanide solution 
after pickling; (A) fresh acid and (B) old acid; x3. 


Fic. 1.—(A) Duplicate specimens scratched as 
received from mill and prepared for enamel firing by . cs ~ ye 
pickling; (a) fresh acid and (b) old acid; x3. FB, 

(B) Duplicate specimens oxidized at 480°C. be- 
fore scratching and preparing for enameling by 
pickling; (a) fresh acid and (d) old acid; x3. 

(C) Duplicate specimens oxidized at 480°C., Fic. 3. —Same as Fig. 2 except immersed 30 seconds 
scratched, pickled, and given nickel dip; (a) fresh in hot tartaric acid solution; (A) fresh acid and (B) 
acid and (b) old acid; 3. old acid; <3. 
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Fic. 4.—Influence of surface oxidation on absorption 
of hydrogen during pickling; Baukloh and Zimmer- 
mann.‘ 


Because under all of these conditions of surface treat- 
ment after pickling, and others to be described later, 
greatly increased blistering occurred consistently on 
the specimens pickled in used acid, it is necessary to 
conclude that an increase in the gas content and, there- 
fore, in the hydrogen content of the steel has been 
effected by the impurities that distinguish the fresh 
from the old acid. There is goed reason to believe that 
increased absorption of hydrogen occurs in old acid, as 
will now be shown. 


(3) “Fromoters” in Pickling and Cathodic Elec- 

trolysis 

(A) Oxide Films: The effect of impurities in electro- 
lytes and pickling solutions on hydrogen absorption by 
steel have been discussed by Zapffe aud Faust,” who 
state that the absorption of hydrogen may vary as 
much as a hundredfold, depending on various condi- 
tions of the specimen and the bath. Figure 4, for ex- 
ample, shows that the rate of absorption* of hydrogen 
by steel during acid pickling may be increased tenfold 
by oxidizing the surface to varying degrees.‘ This 
effect would undoubtedly play an important part in the 
role of scale as revealed during these studies.* 

* “Absorption” and “diffusion” are synonymous in the 
Present discussion because the absorption was m 
by the quantity of gas that diffused through a steel sheet. 


1942) 


Hydrogen as a Cause of Enamel Defects, V 


140 As 


120 


zm 100 

imc 

x 

=) 

iJ 

Sb 
60 

uw 

oO 

= 


40 ; Val 
20 


HOURS 6375 


Fic. 5.—Relation of hydrogen absorption to time for 
steel cathode in 10% sulfuric acid electrolyte to which 
have been added small amounts of elements in Group 
V of the periodic table; current density, 10 amp. per sq. 
ft., 25°C.; Baukloh and Zimmermann.‘ 


(B) Impurities: The method of cleaning by cathodic 
electrolysis is not used extensively enough by enamelers 
to warrant much discussion here, but some of the 
analogies between cathodic electrolysis and acid pick- 
ling are important. Hydrogen absorption during ca- 
thodic electrolysis is comparable to that during acid 
pickling when the surface concentrations of atomic hy- 
drogen are equivalent. Absorptiou during electrolysis 
is much more sensitive than during pickling to the ef- 
fects of certain impurities in the electrolyte, but in each 
case the responses are similar. The elements that in- 
crease absorption, which are called “‘promoters’’ by the 
present writers, are described briefly because of their 
possible relation to the behavior of enameling stock 
when it is pickled in old acid. 

The so-called promoters, in reference to hydrogen 
absorption, are principally those elements called “poi- 
sons” when catalyzed hydrogenation is discussed. 
These elements comprise, for the most part, Groups IV, 
V, and VI of the periodic table, and minute quantities 
of them can exert a remarkable effect on hydrogen 
absorption and also some effect on the rate of solution of 
ironin acid. It is not known whether this phenomenon 
is caused by (a) the formation of metastable hydrides 
on the surface of the iron. {6) increased hydrogen over- 
voltage, or (c) a poisoning effect on the catalysis by iron 


’ of the reaction 2H — Hg. 


The fact that surface films and irregularities on cath- 
odes act as obstacles to the contact of hydrogen atoms 
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with the iron lattice, which is necessary for absorption 
of hydrogen, may be responsible for the special impor- 
tance of promoters in cathodic electrolysis. Their re- 
lationship to hydrogen absorption in acid pickling, 
however, is sufficiently marked so that some investi- 
gators” have concluded that iron will not absorb 
hydrogen when promoters are absent and that the acid 
attack of the iron is simultaneously reduced nearly to 
zero. 
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Fic. 6.—Effect on ratio of absorbed to liberated hy- 
pe A of 10-mg. additions of various elements to 10% 
sulfuric acid electrolyte; current deusity, 10 amp. per 

sq. ft., 25°C.; Baukloh and Zimmermann.‘ 
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Figure 5 shows the effect of adding the elements of 
Group V to a sulfuric acid electrolyte; for example, 
0.01 gm. of arsenic in 1 liter of solution can increase the 
hydrogen absorption one hundred times. Small 
amounts of H,S have also been shown to increase ab- 
sorption by fifteenfold,‘ and selenium and tellurium 
have been found to be as effective as arsenic in some 
solutions. Most of this information is shown in Fig. 6. 

Other acids react s newhat differently. Hydro- 
chloric acid as an electrolyte provides an absorption 
greater than or equal to that of sulfuric acid when 
tellurium or selenium is used but less absorption with 
arsenic. Mercury is several times more effective in 
hydrochloric acid than in sulfuric acid, but H,S and 
phosphorus show no effect at all. In acetic acid elec- 
trolyte, arsenic is only one tenth as effective as selenium, 
and it has been found to be impotent in acid pickling. 
Antimony, tin, and lead may increase absorption by 
fifteen-fold, but carbon and sulfur give inconsistent re- 
sults in acid pickling. 

The significance of these promoters in the present 
work is that many of the elements are common impuri- 
ties in steel and will be leached from the steel in small 
quantities over a long period of time. Used acid may 
then contain small amounts of some of them the* would 
be conducive to increased hydrogen absorption. 

(C) Note on Inhibiters: A common soarce for mis- 
understanding is the contrasting effect that an inhibitor 
may exert on hydrozen liberation and hydrogen absorp- 
tion, respectively, during acid pickling. Figure 7 shows 
curves for hydrogen libe: x tion versus acid concentration 
for both sulfuric and hy drochloric acid.? Similar curves 
for hydrogen absorpt’on are given in Fig. 8, and super- 
imposed curves show the effect of aninhibitor. Sulfuric 
acid shows a maxim um for all o. the curves, in contrast 
to those for hydrociiloric acid, and the hydroger libera- 
tion from HCl is much greater and the ausorption much 
less than for H,;SO,. Figures 9 and 10 show that the 
absorbed hydrogen in the presence of an inhibitor may 
be greater than is generally assumed. Figure 9 shows 
that hydrogen absorption increases much more rapidly 
than the liberation observed when the temperature of a 
pickling bath containing an inhibitor is raised, and 
Fig. 10 shows that an inhibited bath at 70° to 80°C. 
may permit as much absorption to occur as an unin- 
hibited bath at only 20° lower, although the external 
appearance of liberated hydrogen remains negi:gible. 
It is w.ong, therefore, to assume that the presence of an 
inhibitor will prevent the absorption of hydrogen by the 
steel. 


(4) Effect of Nickel Dip 


In the research on scratch blisters,** some contra- 
dictory effects of galvanic nickel coatings were found 
for which no immediate explanation was available; for 
example, when nickel was plated on steel in a standard 
Watts bath, primary boiling was greatly decreased un- 
less the coating was so thick that hydrogen, which was 
absorbed during electroplating, caused the defect. It 
was found, likewise, that nic!-]1 plated only over a 
scratch decreased the severity of subsequent scratch 
blisters. Such results might be expected because nickel 
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reacts much less violently with moisture than does iron 
and the weter of hydration in the enamel would be cor- 
respondingly less effective in causing blisters. Blis- 
tering over scratch marks, however, was gr tly aggra- 
vated when the whole specimen was given a nickel dip. 
Blistering, in general, over the platé sometimes was 
worse and sometimes better when the specimen had 
been given a nickel dip. 

There was reason to believe that an electrochemical 
action during firing caused the increased gas evolution 
at a scratch mark when the surrounding metal was 
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coated with nickel. When some specimens were gal- 
vanically plated on an unclean surface, greatly increased 
blistering seemed to occur over the plated area. Such 
blistering, moreover, did not appear to be a direct result 
of the impurities on the surface. All of the specimens in 
the previous research had ordinary smooth surfaces and 
would probably plate smoothly except at a scratch. If 
impurities were on the surface, breaks in the coating 
would occur which were analogous to that at a scratch. 

The following tests were made with sandblasted plate 
to obtain further information on the effect of nickel 
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coating, especially whether the coating on a roughened 
surface would respond to blistering in the same manner 
as the unclean plates. 

Duplicate specimens (Fig. 11) were sandblasted be- 
fore pickling, and each was fired directly with white 
cover coat except that one specimen of each set was first 
given a nickel dip. Specimen (A), Fig. 11, pickled in 
fresh acid and nickel dipped, showed a marked increase 
in blistering. Similar specimens, pickled in used acid 
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Fic. 9.—Relation of ratio of diffused or liberated hydrogen to temperature showing effect of inhibitor (conditions of 
Fig. 7); Bardenheuer and T hanheiser.* 
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(Fig. 12), showed that the nickel dip again greatly in- 
creased the blistering. Specimen (B), Fig. 12, which 
had no nickel dip, showed the usual increased severity of 
blistering when old acid was used; specimens (A) in 
each figure, which received a nickel dip, blistered so 
badly that no distinction could be drawn between those 
pickled in new and in old acids. 

Another set of specimens (Figs. 13 and 14) was sand- 
blasted and given a scale which was conducive to 
scratch blistering.** The sheets were scratched, pickled, 
and fired with white cover coat, and one specimen 
of each set was nickel dipped. All of these specimens 
developed scratch blisters, as was expected when that 
type of scale was used. The worst blistering, however, 
developed on those specimens that had been given the 
nickel dip, which conformed with previous results (see 
specimens (A) in Figs. 1% and 14). The set that was 
pickled in old acid (Fig. 14) did not show a marked in- 
crease in severity of blistering, probably because the 
tightly adhering scale caused so great an excess of 
hydrogen to be absorbed by all of the specimens that 
the additional effect of the old acid was masked. The 
blistering in both cases was so severe that it is question- 
able whether the enamel would register the effect of 
any greater gas evolution. 

The evidence for an electroche:nical action in the 
molten enamel is only circumstantial, but the postulate 
is attractive for several reasons. The sandblasted 
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surfaces of the present tests were rough, and the nickel 
coatings on those surfaces probably were patchy and 
similar to the coatings on the unclean specimens previ- 
ously mentioned. The small depressicns on such a 
surface may behave much as a scratch does during gal- 
vanic plating so that nickel will deposit on the elevated 
portions and the iren will continue to dissolve from the 
depressions. During firing. electrolysis in the molten 
enamel between the nickel and the adjoining iron may 
cause an appreciable increase in the gas evolution over 
that which occurs when the hydrate in the enamel coat- 
ing reacts only chemicaliy with the iron. Local gal- 
vanic elements, for example, may function between the 
iron and the more noble nickel during firing just as they 
function between iron and the more noble oxide in the 
pickling solution, as shown in another paper.** The 
hydrogen ions in the molten enamel would be supplied 
by the water of hydration. 

Such a picture agrees with known facts inasmuch as 
blistering depends almost entirely on the gases that are 
liberated when the enamel (specifically, the hydrate in 
the enamel) reacts with the iron. If the enamel boils 
less on nickel than on iron and if the nickel in contact 
with the iron increases the hoiling even beyond that 
whick occurs when the enamel is fired when ro nickel is 
present, it seems almost necessary to conclude that an 
electrochemical action during firing is responsible for 
making 2 greater percentage of the water of hydration 
available for decomposition. Such an explanation 
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Fic. 10.—-Relation of hydrogen absorption to temperature showing effect of inhibitor (conditions of Fig. 7); Bar- 
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Fic. 11.—Specimens sandblasted free of scaie, 
pickled in fresh acid, and fired directly with white cover Fic. 12.—Same as Fig. 11 but pickled in old acid; 
coat; (A) nickel dipped before firing and /B) no nickel (A) nickel dip and (B) no nickel dip; <3. 
dip; X3. 


Fic. 13.—Specimens given tightly adhering scale, 

scratched, pickled in fresh acid, and fired with white 
cover coat; (A) nickel dip and (B) no nickel dip; Fic. 14.—Same as Fig. 13 but pickled in used acid; 
x3. (A) nickel dip and (B) no nickel dip; <3. 
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Fic. 15.—Etched cross section of 0.156-in. rimming steel enameling stock showing marked difference between 
rim and core metai; natural size. 


ll. Hydrogen in Rimming-Steel Enameling Stock 

The chemical structure of rimming steel, which is 
widely used for enameling stock, has a characteristic 
which exerts a strong influence on hydrogen behavior. 
The rimmed ingot comprises a solid, relatively pure iron 
rim which surrounds a relatively impure and porous 
core. When the ingot is rolled, this duplex structure 
persists, and a sheet results which may be compared to 
an envelope of rim metal surrounding core metal with 
an edge of solid rim. Visibly, and even mechanically, 
there is no appreciable demarcation between edge anc’ 
center sections of the sheet; but a striking contrast may 
be developed by etching (see Fig. 15). 

In homogeneous iron, hydrogen is free to diffuse 
atomically until it encounters a discontinuity, such as 
an inclusion, a cavity, a reactive element, or the atmos- 
phere, to which it escapes. Hydrogen in rimming steel 
will therefore comprise two portions, namely, (a) the 
diffusing atomic hydrogen in the homogeneous rim 
section at the edge of the sheet and (b) the hydrogen 
trapped by the various discontinuities and impurities in 
the core metal at the central portions of the sheet. 

Fish scales, therefore, develop preferentially over the 
solid rim sections, and the central portions of the sheet 
rarely show the defect. The only gas in the central 
portions that is free to move at ordinary temperatures 
is the tiny quantity that can be held in the thin laycr of 
rim envelope, and only one half of this quantity may 
effuse at the enamel surface because the other half can 
precipitate in the porous core. 

The thin envelope of rim metal over the core may act 
as a one-way valve for hydrogen absorption during 
firing. Gas, which is injected into the steel by the 
moisture, passes through the solid rim layer and pre- 
cipitates during cooling in the heterogeneous core from 
which it cannot readily escape until it is reheated. 
The central portions of the sheet may therefore show a 
tendency toward boiling, which can be illustrated by 
baking heavy gauges of rimming steel at about 150°C. 
before firing. Much more hydrogen is removed from 
the solid rim section than from the duplex section during 
the baking treatment, and boiling duriag firing will 
occur usually over the core areas alone. 


lil. Comments on Reboiling 
Some enamelers have found difficulty in accepting 
the view that reboiling is simply, or at least primarily, a 
hydrogen activity. The known behavior of hydrogen 
in steel agrees so well with the established character- 
istics of reboiling that an expansion of the origina! thesis 
seems to be warranted to clarify this concept. 


The simplest analogy for reboiling is the squeezing of 
water from a sponge, wherein the water and the sponge 
designate hydrogen and steel, respectively. Ifa water- 
ladcn sponge is given a number of successive and rapid 
squeezes and the grip is released each time before the 
sponge can completely exude its water, only a portion of 
the water will be lost during each squeeze and a number 
of squeezes will be necessary to dry the sponge. (The 
squeeze is an analogy of enamel firing, which is a short, 
hydrogen-removing heat-treatment.) The water, more- 
over, that has risen to the surfuce of the sponge may 
sink in again when the grip is relaxed (just as the gas 
that constitutes the blister redissolves into the steel). 


Hydrogen in enameling stock behaves much the same 
way except that rising tempe~ature creates the com- 
pressive force, and the interstitial lattice sclubility, 
which develops rather sudecenly with increasing tem- 
perature, acts as a relaxing force. The short period of 
enamel firing is insufficient to remove an appreciable 
percentage of the hydrogen except from a very thin 
sheet, and the recurring effusion that must then be 
expected on reheating is the outstauding characteristic 
of reboiling. A number of successive firings may finally 
remove enough of the gas so that subsequent effusion is 
jess than the amount necessary to cause blistering in a 
given enamel, Another outstanding characteristic of 
reb»iling is the recession of the blister that occurs as 
the temperature increases above 600° to 700°C. and is 
analogous to the drying action of the sponge when the 
pressure is released. The increase in solubility for 
hydrogen in the iron lattice, which occurs quite rapidly 
with increasing temperature, acts to reduce the pres- 
sure, and the hydrogen already on the surface under- 
neath the bubbler may re-enter the stcel just as water 
will re-enter a sponge when the compression is relaxed. 


Another effect that drives the hydrogen back it >the 
steel after a blister is formed has not been emphasized 
because it complicates the picture of hydrogen in steel. 
There is no defirite solubility of hydrogen in steel except 
for some given external pressure of molecular hydrogen, 
and the solubility varies with the square root of that 
external pressure.** When the enamel coating is in the 
first stages of heatir._;, the external pressure of hydrogen 
will be largely determined by the furnace atmosphere 
because the coating is se permeable. There may, of 
course, be complicating surface reactions, but until the 
coating fuses, the external pressure of molecular hydro- 
gen probably is very small. The solubility will there- 
fore tend to be iow, and hydrogen will tend to be ex- 
pelled. Afi»: the enainel has fused, the escaping gas be- 
comes trapped to somie extent at the surface of the 
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Fic. 16.—Isothermal evolution of hydrogen from iron foil, according to Moore and Smith.” 


metal. and the external pressure of molecular hydrogen 
will then become approximately one atmosphere, which 
very likely represents an incr:.ase in pressure and, there- 
fore, an increase in solubility. Both temperature and 
pressure in this manner probably act to send the gas 
back ints the steel shortly after the enamel fuses. 

The principal difficulty in understanding the action 
of hydrogen in reboiling is undoubtedly a result of the 
same misunderstanding which has delayed metallur- 
gists in recognizing the effects of hydrogen in steel. How 
can rising temperature, which causes only an increase in 
hydrogen solubility, act first as an expulsion factor and 
then as an absorption factor? 

The answer is that steel (and crystals in general) is not 
composed simply of microscopic and macroscopic 
grains and crystals; it contains within each grain a 
vast, ultramicroscopic network of discontinu:ties recog- 
nized as slip and cleavage planes, which appear to sub- 
divide the grains into ultramicroscopic units. During 
the investigation of hydrogen in steel, it has been indi- 
cated that hyurogen occludes within these tiny rifts 
under pressure much as it occludes in the macroscopic 
cavities that have been discussed previously.** The 
picture of cyclic hydrogen activity around a macro- 
cavity has been demonstrated ana apparently has been 
accepted by most enamelers. The same cyclic activity 
should then be accepted for hydrogen in steel under its 
ordinary conditions of occlusion in the tiny cavities that 
are fundamental to the structure of the crystals. The 
great dispersion of these cavities leads to a uniform 


(19¢2) 


appearance of highly dispersed “cluster blisters,” 
which is called reboiling. 

At room temperature, the true lattice solubility of 
hydrogen is almost nil, whereas several hundred relative 
volumes (with respect to the metal) of the gas may be 
occluded in the tift structure at that temperature. 
Enameling stock resembles a sponge in respect to its 
hydrogen content, that is, a sponge whose interstices 
are ultramicroscopic in dimension. A rise in tempera- 
ture may cause incipient expulsion of hydrogen from 
the steel because the gas will expand with normal hes t- 
ing rates more rapidly than it can be reabsorbed by the 
surrounding lattice. Heating apparently causes two 
types of action as follows: (1) Some of the occluded gas 
dissolves in the surrounding lattice according to the in- 
creased solubility both from the increased temperature 
and increased pressure of the gas phase and (2) the in- 
creased pressure of the gas phase forces openings be- 
tween adjoining rifts through which some gas reaches 
the surface, perhaps to cause fish scaling or reboiling. 

The behavior of the rift hydrogen can be demon- 
strated by a simple experiment. At any given tem- 
perature, there appears to be some metastable quantity 
of hydrogen that just lacks being able to force open the 
regions between adjoining rifts. If the temperature is 
suddenly iacreased, the increased pressure develops 
communication among the rifts, and a portion of the 
gas will escape. If a heavy steel wire is charged with 
hydrogen by pickling and is subsequently immersed in 
transparent liquids heated to succescively higher tem- 
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peratures (at 50°, 100°, and 150°C.), each successive 
immersion will show a fresh, violent degassing which 
will soon dissipate until no further effusion can be de- 
tected. The apparent end point that is reached after 
each immersion has led to the widely accepted but 
erroneous conclusion that immersing pickled ware in 
hot water removes the hydrogen absorved during the 
pickling. It is true that some hydrogen is removed, 
but it is only a fraction of the total amount in the steel. 

The curves in Fig. 16 (from Moore and Smith’) show 
that it is wrong to assume that hydrogen can be removed 
with any degree of completeness at low temperatures. 
The specimen was a thin purified iron foil, 0.06 mm. 
thick. No hydrogen was artificially supplied to the 
piece, and none could occlude in macrocavities. The 
effusion of the inberent hydrogen was measured as the 
foil was carefully heated at certain temperatures that 
were progressively increased without any other changes 
in the conditions of the foil. At each temperature, the 
specimen showed an initial rapid effusion, which de- 
creased to some semiconstant total value for that tem- 
perature. Even after 16 hours at 325°C., which is much 
higher than ordinary drying temperatures, the total hy- 
drogen obtained from the foil was only about 3% of the 
total finally obtained after heating at high tempera- 
tures. Fifteen volumes of hydrogen per volume of the 
foil were finally withdrawn without any indicatior. that 
all of the gas had even ther: been extracted. 

The fact that hydrogen embrittiement of steel can be 
removed by short treatmerits at low temperatures 
should not confuse the foregoing statements, because in 
such steel the hydrogen is believed to be under pressures 
that exceed the strength of the steel.*! The removal of 
a small portion of the hydrogen will reduce that pressure 
below the ‘“‘critical” pressure necessary to strain the 
metal beyond its elastic limit, and the embrittlement 
disappears. Enough hydrogen may remain, however, 
to effect many other types of hydrogen-caused defects 
that require less pressure. 

The marked increase in solubility of hydrogen in 
steel which occurs at high temperatures is evidenced in 
the ductility of steel. In ordinary steel, embrittlement 
may be relieved at 700°C. in a few minutes, but at 800° 
C., the same steel may remain embrittled even after a 
]-hour treatment.** In weld metal, the conditions area 
little different because large quantities of the gas are 
often occluded in macroscopic cavities, and the same 
difference in response may be noted between 600° and 
700°C.** These are reboiling temperatures, and the 
amounts of gas redissolving are sufficient to precipitate 
after cooling under approximately 40,000 lb. per sq. in. 
of pressure, which should explain why reboil blisters, 
requiring only 15 Ib. per sq. in., are observed to rise and 
then to subside. 

In the present work, a '/,-in. bar of enameling iron 
was embrittled with hydrogen and heated im vacuo at 
1050°C. for 24 hours without removing all of the em- 
brittlement. The importance of the increase in solu- 


bility at high temperatures also throws doubt on the 
vacuum-fusion method for determining hydrogen. 
More hydrogen can often be extracted at 600°C. than 
can be obtained by melting the same specimen in vacuo. 
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IV. Conclusions 


(1) In sheet-steci enameling, the impurities that col- 
lect in pickling acid over a period cf use may greatly 
increase the occurrence of blister-type defects. If care- 
ful mechanical and chemical cleansing of the surface 
does not alter the effect, the condition must be internal. 
The impurities seem to constitute certain elements 
dissolved from the steel which have been termed pro- 
moters because of the strong manner in which they in- 
crease the hydrogen absorption by the steel during 
pickling. When they are present in extremely small 
amounts, these elements may increase hydrogen ab- 
sorption one hundred times. 

(2) Inhibitors greatly decrease visible hydrogen 
liberation, but they may have unexpected effects on 
hydrogen absorption. The use of an inhibitor in a 
pickling bath does not preclude the absorption of 
hydrogen by the steel. 

(3) A galvanic nickel coating, which is supplied by 
a nickel dip, affects primary boiling in ways that at first 
seem to be contradictory. A smooth, even coating re- 
duces boiling, which agrees with the fact that nickel 
reacts less severely with moisture than does iron and 
should therefore reduce the evolution of gases which 
ordinarily occur from the iron-moisture reaction: A 
broken coating, however, resulting from scratches or 
from plating cn unclean or rough surfaces, causes 
boiling which appears to be more severe than that 
which develops on bare iron. The explanation, tenta- 
tively proposed by *he authors, is that a galvanic action 
occurs in the molten enamel] between iron and the more 
noble nickel just as the action occurs in a battery or in 
the pickling solution between iron and the more noble 
iron oxide. The water of hydration in the clay supplies 
hydrogen ions for the reaction; and the galvanic couple, 
which exits at every break in the nicke! coating, aggra- 
vates the gas evolution that is produced by normal 
chemical reactions. Such an expiatiation satisfies the 
observations (a) that nickel dipping promotes scratch 
blisters, (6) that a nickel dip on « -oughened or unclean 
surface usually causes an increased boiling activity, and 
(c) that a smooth, unbroken nickel coating greatly de- 
creases boiling. 

(4) The duplex rim-core structure of rimming-steel 
enamel stock leads to some characteristic behavior of 
hydrogen-caused enamel defects. Fish scaling, for 
exa:nple, will often occur only over the solid rim section 
at the edge of the sheet because hydrogen is able to 
diffuse at ordinary temperatures only in this homogene- 
ous portion. Boiling is also more likely to occur over 
central portions of the sneet wherein hydrogen is oc- 
cluded mechanically or chemically by the inhomcgene- 
ous metal. 

(5) Hydrogen in steel at ordinary temperatures is 
occluded within ultramicroscopic rifts which constitute 
a vast network throughout the interior of each grain. 
The cyclic behavior of hydrogen effusion and the re- 
absorption that has been demonstrated for larger cavi- 
ties during enamel firing also characterizes the be- 
havior of the hydrogen held within these rifts and there- 
fore in the steel itself. Steel may be regarded as a 
sponge in respect to hydrogen, ard the phenomenon of 
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reboiling may be likened to the drying of a water-laden 
sponge by a succession of short squeezes, each insuffi- 
cient to remove all the solute. The preliminary tem- 
perature rise expands the gas in the internal rifts and 
creates the pressure that expels a portion of the gas. 
The increased solubility that occurs as the temperature 
rises reduces the pressure shortly after it develops, and 
the effusion stops. 
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Abrasives 


Abrasives. ANon. Mineral Ind., 49, 1-5 (1940).— 
Data on the importation and production of abrasives 
(pertaining to the U.S.) are given for such materials as 
emery, corundum, garnet, silicon cai*bide, aluminum oxide, 
metallics, and natural stones. B.C.R. 

Balanced wheels give best work. H.J.Witts. Amer. 
Machinist, 85 [26] 1309-11 (1941).—Balance is absolutely 
necessary in a grinding wheel for precision grinding and 
ultrafinish surfaces. Test methods for rebalancing an 
detecting out -of-balance ere described. M.H. 

What the foundryman must know about the grin 
of castings. ANON. Giessereipraxis, 61 [14] 165-66; [15 
197-201 {1940).—The general principles of grinding, the 
types of grinding materials, grinding wheels, and grinding 
machines, and grain size are discussed. At present, prac- 
tically only artificial grinding materials are used, as they 
possess greater purity than the natural materials (emery, 
corundum, etc.) and have greater production possibilities. 
Silicon carbide is the hardest, having almost the hardness 
of diamond; it is the only means of grinding widia metal. 
The grinding agents recommended for different materials 
are given in the following table: 


pressure, the castings suffer from too-high heating, and the 
wheel does not wear uniformly. A peripheral speed of 20 
to 25 m. per sec. should be maintained throughout, the 
number of revolutions of the wheel being increased as the 
wheel wears down. Points to be observed in the design 
of stationary and portable grinding machines are dis- 
cussed. M.H., 


PATENTS 


Abrasive coated article manufacture. R. L. Meuron 
AND R. C. Benner (Carborundum Co.). Can. 401,630, 
Dec. 23, 1941 {Nov. 8, 1940; in U. S. March 28, 1940). 

G.M.H. 

Abrasive tool and method of making. Louis Bucn- 
MANN (Aln Cin, Inc.). U. S. 2,270,258, Jan. 20, 1942 
(Sept. 21, 1939).—An abrasive tool of sintered metallic 
body form comprising foraminous metallic laminas having 
abrasive grains mounted in the interstices ther-of. 

Apparatus for honing roller bearing cup members. OG. 
F. Jounson (Bower Roller Bearing Co.). U.S. 2,270,525, 
Jan. 20, 1942 (May 12, 1939). 


Grain 
Material Type of casting Grinding agent size Hardness 

Machine castings Silicon carbide and corundum 20-30 P-R 

G : Stove castings Silicon carbide 14-16 
ver Hard castings Silicon carbide 12-20 Q-s 
} Bathtubs Silicon Q-R 
Large pieces Silicon carbide Qs 
Cast atest \ Small pieces Silicon carbide 20-30 0-Q 

: Large pieces Silicon carbide 

Brcase castings \ Small pieces Silicon carbide 36-46 N-P 
Aluminum castings Silicon carbide 20-30 0-Q 


Hardness is designated dy the letters of the alphabet; A = 
the lowest and Z the highest hardness. The piece to be 
ground should be pressed only lightly against the wheel 
as the capacity of the wheel is not increased by greater 
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Bonded abrasive article manufacture. R. L. MeLTon 
G. L. Cuampron (Carborundum Co.). Can. 401,631, 
Dec. 23, 1941 (Nov. 8, 1940; in U. S. March rg 
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Centerless grinder. ArtHur Scrivener. U. S. 2,270,- 
974, Jan. 27, 1942 (June 9, 1941). 

Ceramic tool. Evcen Ryscukewrrscu (Chemi- 
cal Marketing Co., Inc.). U.S. 2,270,607, Jan. 20, 1942 
(March 22, 1939).—A cutting tool consisting of a molded 
self-bonded sintered highly refractory aluminum oxide 
of high purity and a chromium oxide, the body of the cut- 
ting tool having a fine crystalline structure throughout. 
“Grinding gauge. S. A. Fosrer. U. S. 2,270,728, Jan. 
20, 1942 (May 3, 1940). 

machine. A. S. Jounson (United Shoe Ma- 
U. S. 2,270,446, Jan. 20, 1942 (Jan. 11, 


Grinding wheel. S. S. Kistier (Norton Co.). U. S. 
2,272,873, Feb. 10, 1942 (Nov. 28, 1939). U.S. 2,272,874 
to U. S. 2,272,878, Feb. 10, 1942 (Aug. 2, 1941).—An 
abrasive body comprising abrasive grains bonded with a 
condensation product. 

Grinding wheel. Norton Grinpinc Wueet Co., Lrp. 
Brit. 542,052, Jan. 7, 1942 (Sept. 11, 1939). Brit. 542,053, 
Jan. 7, 1942 (Sept. 21, 1939). Brit. 542,396, Jan. 21, 1942 
(Sept. 5, 1939). 

Grinding-wheel dresser. L. W. L. 
Jou.ire. Brit. 542,196, _ 14, 1942 (Jan. 24, 1941). 

H e. A. M. Joumnson (Barnes Drill Co.). 
U. S. 2,270,590, Jan. 20, 1942 (Oct. 10, 1938). U. S. 
2,271,768, Feb. 3, 1942 (Nov. 17, 1937). 
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Inserted tooth abrasive wheel. Norton GRINDING 
Wueec Co., Ltp. Brit. 542,054, Jan. 7, 1942 (Sept. 21, 


1939). 
ent grinding device. T. J. 
2,271,810, Feb. 3, 1942 (June 28, 1940). 
Machine for ding thin metal strips. H. L. Zmmer- 
MAN. U.S. 2,273,456, Feb. 17, 1942 (May 6, 1939). 
M mackine. H. S. Inpce (Norton Co.). 
U. S. 2,272,974, Feb. 10, 1942 (Aug. 2, 1939). 
and machine. G. A. CARLSON. 
U. S. 2,272,055, Feb. 3, 1942 (April 12, 1939). 
Roll der. G. V. HULTGREN (Farrel- Birmingham 
Co., Inc.). U.S. 2,272,088, Fel. 3, 1942 Sept. 22, 1939). 
vy, 3 machine. A. W. WIGGLESWORTH AND 
E. R. Mons (Hill-Clarke Machinery Co.). 


Wapron. U. S. 


U. S. 2,271,- 

963, Feb. 3, 1942 (Dec. 5, 1940). 
Size-controlling mechanism for machines, etc. 
H. L. Boop (Heald Machine Co.). . 2,270,406, Jan. 


20, 1942 (July 21, 1938; April 12, 1939). 
Thermally controlled grinder head. R. P. GARRISON 
AND J. R. Garrison. U. S. 2,271,637, Feb. 3, 1942 (Feb. 


2, 1938). 

Truing a tus for abrading machines. H. S. INpDGE 
(Norton Co.). U.S. 2,271,013, Jan. 27, 1942 (March 24, 
1937); divided out of U. S. 2,087,874, July 20, 1937 (Feb. 


6, 1935). 


Art and Archeology 
Charles R. Hook. Timotrny J. Sutitvan. Bull. Amer. Bottle. Corn Propucts Rerminc Co. Can. 13,201 
Ceram. Soc., 21 [2] 15-17 (1942). Dec. 2, 1941. G.M.H. 
Bowl. C. J. UnRMANN (Imperial Glass Corp.). U. S. 


PATENTS 


Decalcomania. Jack BRAVERMAN (American Decal- 
comania Co., Inc.). U.S. 2,271,413, Jan. 27, 1942 (April 
15, 1940). 


Decalcomania paper. Lewis Davis anp E. C. TuvuK- 
KANEN (McLaurin-Jones Co.). U.S. 2,273,694, Feb. 17, 
1942 (Aug. 10, 1939). 


Designs for: 

Bottle. R. A. Brunt. U. S. 131,294, Feb. 3, 1942 
(Dec. 20, 1941). W. S. Mrtcer (Owens-Illinois Glass 
Co.). U.S. 131,303, Feb. 3, 1942 (April 12, 1941). 


131,250, Jan. 27, 1942 (May 24, 1941). 
Glass dish. A. J. Drerrzer (Pitroan-Dreitzer & Co., 


Inc.). U.S. 131,405, Feb. 17, 1942 (Dec. 18, 1941). 
Glass nappy. A. J. DREITZER (Pitman-Dreitzer & Co., 
Inc.). U.S. 131,404, Feb. 17, 1942 (Dec. 18, 1941). 


Glass relish dish. A. J. Dreirzer (Pitman-Dreitzer & 
Co., Inc.). U.S. 131,406, Feb. 17, 1942 (Dec. 20, 1941). 
Plate. Remstern (Iroquois China Co.). 
U. S. 131,412, Feb. 17, 1942 (Nov. 7, 1941). 

Range top. A. H. Broppeck (American Stove Co.). 
U. S. 131,218, Jan. 27, 1942 (June 27, 1941). 


Cements 


PATENT 

Prod cement. Ore Roirsen. U. S. 2,271,276, 
Jan. 27, 1942 (Feb. 15, 1937).—The process for the pro- 
duction of a normal cement which contains 3CaO-SiO, as 
the predominant ingredient comprising calcining at a tem- 
perature of substantially 1200°C. a lime-silica charge 
which contains only part of the lime necessary for the 
final product and wherein the CaO:SiO, ratio is not sub- 
stantially above 65:35 whereby a product which is not a 


normal cement but which consists predominantly of 
2CaO-SiO, in the form of 8 crystals results, then curling 
the product whereby conversion to y-crystal form with si- 
multaneous disintegration results, admixing the resultant 
product with the additional lime required for a normal 
cement, grinding the admixture, recalcining the latter at a 
temperature of up to about 1400° to 1500°C., and finally 
— the resultant product whereby a normal cement 
results. 


Enamel 


Boron-free colored enamels for sheet and cast iron: 
I. H.Lanc. Keram. Rundschau, 48 [35] 290-91 (1940).— 
The best boron-free enamel which can be made at low cost 
from products indigenous to Germany and may be used for 
all purposes on sheet and cast iron is the well-known gray 
enamel. The batch for this enamel contains a simple clear 
flux without preliminary opacification, quartz, feldspar, 
soda, fluorspar, and perhaps powdered glass. The cheap 
black iron oxide may be used as coloring material instead 
of the more costly metallic oxides. This black iron oxide 
can be obtained from the forge scale removed from the 
sheet. It is washed until a black precipitate is deposited. 


This precipitate is ground and may be added wet or dry. 
Gray ena ie! is also produced when the quartz or feldspar 
iron; 


in the b these impure materials are 


more easily obtained than pice materials. Colored clays or 
enamelers’ colored powdered glass also give gray enamels. 
Gray enamels are stable to heat and are refractory, and 
only 6 to 8% clay is required for the mill. A very thin 
enamel coat suffices, and a great variety of patterns may be 
obtained by spraying on other colored enamels. . 

bid., [37] 305-306.—When white enamel displaced the 
durable ‘gray cloudy’’ enamels because of its better 
appearance, the difficult period of imperfections and 
defects began for the enameler; this caused enamelware 
to lose popularity in the last ten or fifteen years. L. sug- 
gests a return to the gray cloudy enamels which can now 
be manufactured cheaply and require only two coats and 
two firings. Coloring materials for enamels have risen in 
price and are no longer dependable in boron-free enamels 


° 
e 
| 
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Ready-mixed colors are more expensive than those which 
tk enameler can prepare for himself. Simple funda- 
mental colors seldom cause trouble; complex colors can 
best be obtained by grinding the fundamental colors 
separately and then mixing to the desired shade. L. 
describes how a new-blue enamel can be made in this 
manner. Discolorations may sometimes, be prevented by 
grinding the enamel without the color oxide to a certain 
fineness and then allowing it to settle; the water which 
stands over it is then drawn off. The enamel is ground 
again, this time to the desired fineness and with the color 
oxides and necessary water added. The coloring oxides 
should not be added to boron-free enamels before the 
enamel is fused as the colors are often decomposed. Color 
oxides should always be added to the mili, and very small 
quantities can be mixed with the water or another ma- 
terial to be added to the mill * assure good distribution. 
M.V.C 


Effect of fineness of grinding of a enamel upon 
its characteristics. J. LewertH A. Dietzer. Sprech- 
saal, 74 [1] 46; [2] 11-13; [8] 19-21 (1941).—Test 
specimens of a commercially used ground enamel (of 
known composition) for sheet metal, containing the cor- 
responding mili additions, were ground in the laboratory 
to different degrees of fineness, and the maximum particle 
size of the different test specimens was determined by 
sieving. The effect of fineness of grinding on technically 
important characteristics was investigated. A difference 
in fineness of grinding had a marked effect on the applica- 
tion of the enamel slip. If the enamels ground to differ- 
ent finenesses were applied by the same method (such 
as dipping), there were great differences in the thicknesses 
of the coatings. To obtain a serviceable coat of enamel, it 
is necessary that the methud of operation be suited to the 
fineness of grinding. The Cci‘‘erence between coarsely and 
finely ground enamel became more evident on firing. The 
finer the enamel was ground, the lower was the temperature 
at which it began to soften. This was shown numerically 
by determination of the falling time of the ball by Seger’s 
method and by the vitrification temperature. The earlier 
softening of fine enamel in this case was not due to the 
fact that more salt was dissolved by the water in the mill 
but to the fact that the speed of reaction of the fine enamel 
with the salt was greater than that of the coarse enamel and 
more easily melted glazes were formed. Because of 
the premature flow of the finely ground enamel, the iron 
surface is more quickly subjected to oxidation by the oxy- 
gen of the air passing into the pores. The amount of iron 
oxide dissolved in the enamel is larger with fine enamel than 
with coarse. The adhesion characteristics and the suita- 
bility of the coefficient of expansion are therefore poorer with 
finely ground enamel than with ccarsely ground enamel ; this 
is especially marked in the case of the sensitive enamel free 
from adhering oxide. Enamels of different fineness of 
grinding but of the same composition act differently not 
only in regard to the beginning of softening but also in 
regard to long continued fring. A finely ground enamel 
may be kept much longer in the kiln without being burned, 
i.e., without showing black spots of iron oxide. The finely 
ground enamel thus has a markedly greater firing range 
than the coarse enamel when the thickness of coating is 
the same. The importance of firing range is defined, and 
numerical values are given for three degrees of fineness of 
the enamel under consideration. With a normal thickness 
of coat, no noticeable effect could be observed on the re- 
sistance to shock and bending of enamel containing ad- 
sorbed oxygen and fired in pure air. A deterioration of the 
mechanical characteristics is to be expected with fine 
enamel if the adsorp**»n is decreased; there is also the 
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danger that the enamel will ‘‘spatter’’ or will not withstand 
any great variation in temperature. W.H.H. 
Enamel clay. F. J. Zvanur. Jour. Can. Ceram. Soc., 
10, 63-68 (1941).—It is indicated that it will never again 
be necessary to revert to the use of continental clays be- 
cause, during recent years, it has been found that American 
clays or blends thereof are in _every respect equal to, and 
in a number of instances superior to, imported clays. The 
requirements of a good enamel clay are as follows: (1) 
cleanliness or freedom from harmful mineral contamina- 


tion; (2) uniform, low moisture content; (3) good sus- 
pension properties; (4) good opacifying power in cover- 
coat white; (5) good dry-film strength; (6) long firing 


range in ground coat; and (7) good scumming resistance 
in cover coat. Z. reviews each of these properties from 
the standpoint of the clay producer as well as that of the 
enameler. It is necessary to understand thoroughly all 
of the properties of the various clays to determine the 
uses to which each clay is best suited. One clay may be 
recommended for white cover coats and another for ground 
coats or for colors or a blend of two clays may be required 
to produce the best draining qualities in a ground coat. 
One clay cannot be expected to be ideal for all purposes. 
J.G.P. 

Firing enamelware. GraHaM Beit. Jour. Can. Ceram. 
Soc., 10, 43-50 (1941).—B. discusses the troubles likely to 
be encountered in the firing of enamelware and reviews 
methods of firing, giving the advantages and disadvantages 
of different kinds of furnaces. J.G.P. 

Porcelain enameled hot-water tanks. ANon. Better 
Enameling, 12 1{11]20-21 (1941); Enamelist, 19 [2)10- 
18 (1941).—Fourteen photographs illustrating the porce- 
lain enameling of hot-water tanks are presented. 

B.C.R. + L.T.E. 

Radio’s greatest mural unveiled January 17. ANon. 
Bull. Amer. Ceram. Soc., 21 [2] 33 (1942). 

Testing enamel attachment by stretching. J. E. Sams. 
Jour. Can. Ceram. Soc., 10, 68-72 (1941).—The stretch 
test is based on a controlled deformation of the enameled 
specimen and is accomplished by pulling or drawing an 
enameled piece in any satisfactory stretching device. The 
degree of attachment is determined by examining the 
stretched surface with its adhering enamel fragments 
The test has been extended to include curved as well as 
flat pieces. The testing of the adherence of porcelain 
enamel to sheet metal by examination of fragmented 
enamel on stretched metal appears to be logical on the 
basis of points of attachment. Stretch samples are easy 
to grade because they provide large representative test 
areas. Samples of any gauge and of uniform cross section 
may be tested. These include lapped metal, welds, flanges, 
uneven metal thicknesses, panel edges, pipe sections, etc., 
in addition to flat pieces. The test appears to be inde- 
pendent of small variations in rate of percentage of 
stretch. Preliminary tests indicate that visual estimation 
of bond on flat samples may be replaced by an optical dc- 
vice. See “Stretch... Ceram. Abs., 20 [4] ). 

G.P. 

Thirty years of enameling in the sani.ary-ware industry. 
THEO. Taret, 3%. Jour. Can. Ceram. Soc., 10, 27-36 
(1941). 

PATENTS 

Apparatus for makir ; lavatories, etc. H. G. Coorpres 
(Briggs Mfg. Co.). U.S, 2,272,547, Feb. 10, 1942 (Sept. 
3, 19388; Dec. 26, 1939). 

Making enamelware. C.J. Kinzie anv C. H. Commons, 
Jr. (Titanium Alloy Mfg. Co.). U.S. 22,011, Jan. 20, 1942 
(Oct. 22, 1941); reissue of U. S. 2,249,007 (Ceram. Abs., 
20 [9] 213 (1941)). 


Glass 


A.S.T.M, report on the chemical analysis of glass. 
G. E. F. Lunpeii. Presented at meeting of Glass Divi- 
~ of American Ceramic Society, Hershey, Pa., Sept., 

): 


abstracted in Glass Ind., 21 [10] 434, 453 — 


Action of water on some borosilicate glasses: I. Syun- 
PEI NaGaEDA. Jour Japan. Ceram. Assn., 48 (576) 556- 
59 (1940); Jour. Soc. Glass Tech., 25 [107] 62A (1941).— 
The action of hot and boiling water (80°, 100°) and super- 
heated vapor (250°) on two borosilicate glasses (A and 


& 

4 

| 


termined on ples. In the autoclave tests, 
glass A was decomposed abruptly above 210° (about 20 
atm. vapor); B decomposed rapidly at 110°, and at 
170° the t decrease was 70%. In every case the 
following relation held: X* = ¢ X t, where X = % weight 
decrease or extracted alkali in cc.,/ = time, and ¢ = con- 
stant; the percentage weight decrease paralleled the ex- 
tracted alkali values. II and III. Jour. Japan. Ceram. 
Assn., 49 (577) 6-9 (1941); Trans. Brit. Ceram. Soc., 40 
(6) 4A (1941).—The discontinuous action of superheated 
water on two glasses was followed by the surface method; 
after drying, weighing, and titration, the glasses were 
treated every 2 hr. for a number of times at 210° and 
100°C. The experimental results show that the relation 
between the cumulative loss in weight (mgm. per sq. 
em.) and the total time of treatment is linear and not 
parabolic as found in the previous report. A theoretical 
considecation leads to th. deduction that the silica gel 
formed on the surface of the glass by the action of the 
water shrinks irreversibly on drying; hence the extraction 
of alkali from the glass takes place at a constant rate. 
Antireflection films on A. F. Turner. Educa- 
itonal Focus, 12 [1] 4-11 (1941); reprinted in Glass Ind., 
22 [6] 255-58 (1941); Optician, 101 [2615] 205 (1941).— 
T. explains the underlying theory of zero-reflection films. 
For window glass the loss of light by reflection is 
4% per , for heavy flint glass 10%, and for optical 
name and prism systems as much as 25%. If a glass 
surface is treated with a layer of transparent material 
with q refractive index equal to the square root of that of 
the glass, reflection losses are reduced 50%. If the 
optical thickness of the layer is decreased to a quarter 
wave length, the reflection losses are reduced to zero. 
The conditions of the first case are approximated by water 
on glass, and those of the second case by evaporated 
metallic fluoride films. A typical spectrophotometric 
reflection curve of a coated lens surface is given. The 
increase in transmission obtained by coating multisurface 
optical systems is shown. R.H.B. + A.P, 
Can silicon take a six-fold coordination in glass? Kwuan- 
HAN SUN AND ALEXANDER SILVERMAN. Jour. Amer. 
Ceram. Soc., 25 yt a 108 (1942).—10 references. 
Characteristic defects occurring in the production of 
V. AND M. FANDERLIK. Skidfské 
hledy, 17, 111-18 (1940); abstracted in Chem. Zentr., 
1941, I, 1082. —The causes and prevention of defects in 
glass, e.g., Se blisters, sulfate stones in lead crystal glass, 
coloring with Pb and Al,O;, stones in lead glass, and surface 
cracks in ground glass caused by inhomogeneity, are 
discussed. M.V.C. 
Chemical investigation of stones and streaks in glass. 
Kurt WECKERLE. Sprechsaal, 74 [4] 29-30 (1941).— 
Common defects in glass are bubbles, stones, and streaks. 
The smaller the stones, the more difficult it is to separate 
them from the glass and to determine their composition. 
There are no generally applicable physical methods for 
determining the composition and origin of streaks, though 
the difference in refractive index between the streak and the 
rest of the glass may be helpful. The chemical identifica- 
tion of the streak is therefore necessary, the main difficulty 
being to separate it from the glass in which it occurs. 
This may be done by sedimentation, after grinding to a 
particle size of 0.3 to 05 mm.; acetylene tetrabromide 
mixed with xylol is used as a sedimentation liquid. The 
temperature must be | ept constant as the density changes 
rapidly with temperature for these liquids. If the sedi- 
ment and the material in suspension are both analyzed 
and the composition of the glass is known, the analysis 
applying to the strea! becomes evident. Analyses of the 
sediment and the material in suspension are given in the 
following table: 
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Sediment Material in suspension 
(%) ( 

SiO, 73.55 75.69 
11.06 11.04 
(Al, Fe),0; 4.55 4.00 
ine earth 4.09 3.34 
6.70 6.26 


The analysis of the sediment was recognized as being that 
of the glass under consideration; the analysis of the ma- 
terial in suspension therefore indicated the compusition 
of the material causing lack of homogeneity. The SiO, is 
about 2% higher for the material in suspension than for 
the glass, and this is the cause of the lack of homogeneity. 
The SiO, is the constituent of the glass that is most diffi- 
to melt, and it is not uniformly distributed 
e H.da 
and “relaxation” conductivity of amorphous 


substances. P.P.Kosexo. IJsvest. Akad. 
Ser. Fiz., 4 [4] 604-605 (1940); see “Investigation . a 
this issue, p. 91. B.Z. K. 


Daylight illumination in interiors fenestrated with glass 
blocks. Grorce M. Rapp anp A. H. Baxer. Iiluminat- 
ing Eng., 36 [10] 1129-56 (1941).—Measurements of na- 
tural daylight illuminatioa in an interior fenestrated with 
various types of glass blocks (typical of large school class- 
rooms with respect to size and decoration) are described. 

H.K.R. 

Effect of light on color of glass. A. E. BADGER AND 
Axet C. Orroson. Jour. Amer. Ceram. Soc., 25 [4] 
104-108 (1942).—15 references, 3 figures. 

Effect of small amounts of certain coloring oxides on the 
color of a soda-lime-silica glass. Eric Preston AND W. 
E. S. Turner. Jour. Soc. Glass Tech., 25 [107] 5-20T 
(1941).—The coloring oxides of chromium, vanadium, 
cobalt, nickel, manganese, copper, and titania were in- 
vestigated with regard to their detrimental coloring effect 
on a standard soda-lime-silica glass of the composition 
73.5 SiOz, 10 CaO, and 16.5% Na,O. The individual oxides 
were considered separately in 75-gm. glass batches in 
platinum crucibles; an electric furnace operated ct 1400° 
under slightly oxidizing conditions was used. The glass 
test pieces used for color estimation and spectrophoto- 
metric measurements were ground and optically polished 
disks 12.5 mm. thick and 25 mm. in diameter. The de- 
colorizing effects of selenium and cobalt oxide on chromium 
oxide-containing glasses were studied, and the spectral 
transmissions were measured. Glass possessing more 
than 0.002% Cr:O; could not be decolorized satisfactorily. 
Continued heating at the melting temperature of a de- 
colorized glass containing 0.001% Cr:O; resulted in the 
loss of selenium; the chromium color redeveloped. A 
similar study was made of an iron-containing glass; the 
loss of selenium did not cause an appreciable reversion 
to the iron discoloration. Titania up to 0.5% had no color- 
ing effect on the 0.5% Fe,O;-containing glass and no 
decolorizing effect on the iron oxide. Vanadium was 
only one fiftieth as effective as chromium in producing a 
tint, and continued heating tended to remove the tint. 
The amounts of the investigated oxides which can be 
tolerated in the soda-lime-silica glass without the de- 
velopment of appreciable color tints in the test specimens 
are as follows: TiO, 0.5 or greater, Cr:O; 0.001, V20; 
0.1, MnO, 0.01, CuO 0.10, NiO 0.0005, and CoO 0.0005%. 
These amounts refer to individual oxides in the standard 
glass; various combinations will produce 4 

Effect of viscosity on the melting rate of soda-lime-silica 

Eric Preston. Jour. Soc. Glass Tech., 25 [110] 
221-30T (1941).—The melting rates of glasses having the 
approximate composition 73.5 SiO, 10 sca, and 16.5% 
Na,O were measured py the time required for the mass to 
become batch-free. At the melting temperature of 1400°, 
only 10% of the time required for the glass to become 
batch-free was devoted to the chemical reactions; the re- 
maining 90% of the time was necessary for the solution 
of the residual silica particles. In this connection, it is 
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B) was studied by comparing the results of three tests. 
e compositions of the glasses were as follows: (A) 
SiO, 68, BO; 11, NasO + K,O 19, and BaO 2%; and 
(B) SiO, 50, B,O, 20, and Na,O 30%. The percentage 
weight decrease and amount of extracted alkali were de- 
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important to note the time consumed in bringing the 
batch up to furnace temperature. Viscosity is the domi- 
nant factor in the time required for glass formation. The 
rate of solution is to the rate of diffusion, 
and it is assumed that diffusion is proportional to the 
mobility, which is the inverse of viscosity. The melting 
rate is as a batch-free time, which in turn is the 
inverse of the rate; the equation is as follows: 
n 
Ratch-free time = K Tu. + C, 

where 7 = the melting temperature, Tig. = the liquidus 
temperature of the homogeneous glass produced by | the 
batch, » = the viscosity at the melting temperature, X = 
a constant dependent on the grain size of the quartz, and 
C = a constant correction factor dependent on the ex- 
perimental technique employed. This equation applies 
to the glasses tested and may have wider application when 
relationships of melting rate and temperature and melting 


of H.B. 
Hastie. aftereffects and dielectric absorption in glass. 
N. W. Tayitor. Jour. Applied Physics, 12 [10] 753-58 
(1941).—Taylor and Doran (Jour. Amer. am. Soc., 
24 [3 103-109 (1941)) found that, ia stabilized 
the total elastic adjustment under a given load may be 
represented as the sum of several terms of the type] = 
Le~* and concluded that there are several sizes of complex 
sicate ions in glass which respond independently and with 
different rates to applied stress. Hopkinson proposed that 
several independent ‘‘elements” respond to the application 
of an electric field to a glass - Von Schweidler 
showed that the anomalous charging current accompanying 
dielectric polarization is the sum of several terms of the 
type i=Ae-‘/T, This expression is identical in form with 
that for elastic polarization if the rate constant & is replaced 
by a characteristic relaxation time constant 1/7. The di- 
electric phenomena thus appear to support the concept 
of independently acting ions in glass. This idea is in har- 
mony with the X-ray evidence of a random ionic net- 
w«rk and with other physicochemical evidence. Memory 
phenomena, such as reversal effects in glass and rubber, 
appear to be due to two or more t operations 
with different rate constants and directions. A.P. 
Expansivity of a Vycor brand glass. James B. SAUNDERS. 
Jour. Research Nat. Bur. Standards, 28 [1] 
RP 1445. Price 5¢.—In a study of a new glass (96 
silicr, glass No. 790) used in heat-resisting 
S. compared its expansivity with that of fused quartz. 
For this comparison, a modification of Fizeau’s method 
for determining very small differences in linear expansion 
was used; the method is presented. This method per- 
mits the use of relatively long specimens, enables the pro- 
curement of very sharp end well-defined interference 
bands, and almost completely eliminates the effect of 
changes in the refractive index of air on the results. The 
results indicate that the No. 790 glass has a coefficient of 
expansion approximately twice that of fused quartz at 
room temperature, equal to that of fused oun at about 


300°C., and less than one half of that for quartz in 
the neighborhood of 700°C. R.A.H. 
Frictional phenomena: IV, Sound-absorbing materials. 


AnpREw GEMANT. Jour. Applied Physics, 12 [10) 725- 
34 (1941).—After a brief introduction to room accustics, 
the absorbing property of sound-absorbing matesiais is 
explained on the basis of gaseous viscosity in the pores 
of the material. It is possible to derive the characteristics 

required for the must efficient absorbent. Fiber glass is 
suitable as a sound absorbing material because the thick- 
ness of the fibers can be varied over a wide range to yield 
the optimum structure indicated by the er, a 
hy. Iting of 

un ental studies of the me process 

containing lead oxide: I, Study of the reactions between 
silica and the oxides of iead and the rate of formation of 
glass from them. Eric PRESTON AND W. E. S. TURNER. 
Jour. Soc. Glass Tech., 25 [108] 136-49T (1941).—The 
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glass-formation rate in the PbO-SiO, system was studied, 
employing 0.5-gm. charges, in the temperature range 
of 1000° to 1375°; the PbO content ranged from 60 to 
90%. Excessive PbO caused devitrification, and exces- 
sive SiO; caused scummed sand particles. The 80% PbO 
mixture melted to a clear liquid in 4 min. at 1375°, 8 min. 
at 1300°, 14 min. at 1200°, 18 min. at 1100°, and 30 min. 
at 1000°. The reactions between red lead and quartz and 
litharge and quartz were studied in detail. Pb;O, decom- 
posed to PbO on heating, with an accompanying 0.2% loss 
of oxygen from the red lead. The Pb;Q, or PbO lying 
between the sand particles was transferred by molecular 
attraction, presumably in the vapor phase, to the surface 
of the quartz grain where a reaction of a character de- 
pendent on the temperature proceeded. Microscopical 
and X-ray examination revealed that, when the glass 
was melted above the melting point of PbO, the lead- 
rich glass was formed on the surface of the sand 
Below the eutectic temperature (730°) between PbO- -Si0, 
lead-quartz and mixtures; the 
spectrograms showed the of Bid 
Effect of alkali on the rate of and devitrification 
temperatures of alkali-lead oxi Ibid., 
[110] 231-40T.—The rate of glass formation of three 
series of glasses with the compositions (66 — x)% SiQ:, 
34 PbO, x K,0; (66—x) 34 PbO, x Na,O; and 54 Si0,, 
34 PbO, (12 — x) K;,O, x Na,O, was investigated, 
employing both 0.5-gm. and 450-gm. charges of batch at 
a melting temperature of 1375°. The melting rate 
changed rapidly with alkali content. In the range 8 to 
20% Kz:O, an increase of 1% KzO at the expense of SiO, 
decreased the time required to produce a batch-free glass 
by 8 to 10% a similar result was obtained with soda 
. The gradient method was employed to ascertain 

the devitrification temperatures. With an increase of 
the potash content, the devitrification temperature de- 
creased: with 10% K;O the devitrification temperature 
was 1125°, and with 20% KsO the devitrification tem- 
perature was 695°; 
phase in every case. The soda 
results; for 8% Na,O, the divitrification temperature 
was 1105°, and for 20% Na,O, the temperature was 679°. 
Silica was the pri crystalline phase up to 16% Na,O; 
between 16 and 18% Na,O, a new crystalline phase 
resulted, possibly a sodium lead silicate. The substi- 
tution of soda for potash in the 54% SiO.-34PbO(K,0+ 
Na;O) glass resulted in accelerated melting and lower 
devitrification temperatures, the best 2 being that 
of the composition 54 SiO,, 34 PbO, 6 K,O, 6 Na,O. 
III, Effect on the melting rate and devitrification tem- 
perature of a potash-lead oxide-silica glass of the substi- 
tution of lead oxide by lime or barium oxide, including 
an estimation of some commercial ions 
Ibid., pp. 241-48T.—Two series of of the basic 
composition 54 SiO,, 34 PbO, and 12% K,0O, in which the 
PbO was progressively replaced by 0 to 6% BaO and 0 to 
6% CaO, were studied with regard to the relative melting 
rates and devitrification temperatures. These oxides 
resulted in the easier melting of the batch, and the devitri- 
fication temperatures were reduced appreciably, i.c., 
6% BaO decreased the devitrification temperature from 
1020° to 920° and 6% CaO brought the temperature down 
to 915°. Nine commercial compositions for domestic 
ware were studied; the qui melting rate of the majority 
of the glasses was —— to the high alkali content 
(12.56 to 18.20%). of the composition 64% SiO,, 
20 PbO, 1.5 BaO, 5 O, (12—x) K,O, and x Na;O was 
studied in detail; 4% KeO and 8% NaO produced the 
best glass; the glass was colorless and possessed highly 
favorable cutting qualities R.H.B. 

Glassforming nature of oxides with special reference to 
tantala, titania, and beryllia. Kuan-Han Sun AnD ALEx- 
ANDER SILVERMAN. Jour. Amer. Ceram. Soc., 25 [4] 
97-100 (1942).—-23 references. 

Harmonic vibration breaking poini of E. L. 
Hetrincer. Glass Ind., 23 [1] 20-22 (1942).—In the de- 


; 
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velopment of industrial eye protection, it was necessary 1 ot x mae 
to produce a heat-treated glass, strengthened against im- XK In ; for acid solution, C, In oa 
, and to study the fracture characteristics of glass. <> 
Impact testing led always to a pattern of a harmonic —*|; and 4 for water solution, t = La ; where k = zero 


nature. In one test, a Carver laboratory press with a 
1/,-in. radius plunger ‘of hardened steel is used. Breakage 
values depend upon the rate of pumping. In ancther test, 
a blowpipe and steel balls ranging in size from */s in. 
to 7/s: in. are used. A dropping ball test is required by 
federal specifications. Eleven photographs illustrate 
various stages and types of fracture. A.P. 

Investigations of glass me'ts. A. Dierzer. Read be- 
fore Kaiser Ey Inst. fiir physik. Chem. und Elek- 
trochem., Oct., abstracted in Angew. Chem., 54 
[1-2] 37 “‘ioais—-The partial pressure of oxygen and the 
concentratior of oxygen ions in glass melts sre considered 
with regard to their effects on the equilibria reactions of 
coloring oxides. See Ceram. Abs., 20 [10] 233-34, 235-36 
(1941). R.L.G. 

It is cheaper to make black glass without manganese 
dioxide. ANon. Sprechsaal, 74 [2] 14 (1941).—Black 
glass colored with iron and sulfur, especially when an- 
thracite is added, has a better ring and natural luster than 
glass colored with Caucasian manganese and is also much 
cheaper. Formulas are given using a low-grade iron py- 
rite for a soda glass without the addition of anthracite, for 
a soda glass with anthracite, and for a sulfate glass with a 
greater addition of anthracite than is necessary for the 
prevention of gall formation. The good ring of the glass 
depends on the mix. Frits were made because, on the 
first melting, certain phenomena were noted which made 
the use of pyrite doubtful. Some plates showed veins of 
coral red. This difficulty was overcome by drying the 
pyrite before use. W.H.H. 

New glass industry. Anon. Clay Products News, 
15 [1] 5 (1942).—A new glass industry was established 
at St. Laurent, Montreal, last summer by the Industrial 
Glass Works Co., Ltd. Three grades of glass are produced: 
(1) thin, for watch crystals, photographic plates, and pic- 
ture frames; (2) single and double strength, for windows, 
doors, and mirrors; and (3) heavy drawn glass, for safety 
glass. The furnace is »>f the oil-fired continuous type 
with a capacity of 500 .ons. A Fourcault glass-drawing 
machine is used, which ‘raws the glass vertically upward 
between rollers. G.A.K. 

Polariscope as a glass-factory instrument. V. C. 
Swicker. Glass Ind., 23 [1] 13-18 (1942).—Modern 
types of polariscopes, with the large uniform field made 
possible by the use of Polaroid film, have improved factory 
facilities for examining bottles for strain and for quality 
control. Colors seen in the polariscope and their inter- 
pretation are described. The “black and white’’ polari- 
scope, obtained by removal of the sensitive tint plate, is 
useful for examining dark colored or very highly strained 
flint bottles. Immersion of odd-shaped articles in a cell 
containing monochlorbenzene or a similar liquid reduces 
surface reflections. The standardized disk system adopted 
in 1938 by the Glass Container Assn. and accepted as a 
standard procedure by the A.S.T.M. (Specification 
C148-40T) supplies a unified method of strain comparison. 
Bottles should be held in the position of maximum color 
intensity, and both the side wall and the bottom should be 
examined. Strains set up by cords must be distinguished 
from those remaining after annealing. The modern polar- 
iscope may be adapted for examination of ring sections 
for homogeneity. Manufacturers should determine the 
limits of temper and cords satisfactory for each kind of 
ware. A.P 
Rate of solution of glass in hot water and alkali and acid 
solutions. Syunper NaGaepa. Jour. Japan. Ceram. 
Assn., 49 [579] 140-48 (1941); Trans. Brit. Ceram. Soc., 
40 [7] 72A (1941).—The action of water and alkali and 
acid solutions on glass was studied, and formulas were 
derived for the rates of solution. The relationship be- 
tween the amount of alkali extracted (x) and the time (#) 
for the temperature and glass areas in question is given 
by the following formulas: for alkali solution, t = k + 


ora constant, K = constant, and C, = original concen- 
tration. 

Selenium black glass. CHesterR R. AUSTIN AND JOHN 
D. Sutirvan. Jour. Amer. Ceram. Soc., 25 [5] 128-29 
(1942). 

Selenium ruby glass. Joun D. SULLIVAN AND CHESTER 
R. Austin. Jour. Amer. Ceram. Soc., 25 [5] 123-27 
(1942).—3 figures. 

Variable factors in accelerated autoclave chemical dur- 
ability tests. J. S. Owens anp E. C. EmMaNvueL. Jour. 
Amer. Ceram. Soc., 25 [5] 143-49 (1942).—3 references, 
3 figures 

Volatilization of soda from soda-lime-silica glasses: a 
review. ANon. Glass Ind., 23 [1] 23-24 (1942).—Al- 
though the volatilization of alkali from glass has been 
studied mainly to obtain information on the nature and 
constitution of glass, much information applicable to prac- 
tical glassmaking has also been obtained. The work of 
Turner and his co-workers is reviewed. From a practical 
viewpoint, the best method of controlling volatilization 
losses is through the use of routine chemical analysis and 
physical-proyerty tests. A.P. 

PATENTS 

Apparatus for decorating glass articies. J. W. Ross 
(Hazel-Atlas Glass Co.). U. S. 2,272,586, Feb. 10, 1942 
(Feb. 18, ay 

a AP tus for handling flowing molten glass. Baker 

Inc., AND WESTINGHOUSE ELectric & Co. 
Beit "542,438, Jan. 21, 1942 (June 28, 1939). 

Apparatus for producing ground or polished glass strip. 
G. H. Barre anp F. B. Wavpron (Pilkington Bros., 
Ltd.). U. S. 2,270,244, Jan. 20, 1942 (Feb. 20, 1939). 
F. B. WALDRON AND J. H. Grirrrn (Pilkington Bros., Ltd.). 
U. S. 2,272,651, Feb. 10, 1942 (March 13, 1939). F. B. 
Wa.pron, P. M. Hose, ann G. H. ( Pilkington 
Bros., Ltd.). U.S. 2,270,362, Jan. 20, 1942 (March 17, 
1938). 

Apparatus for shearing molten glass. G. T. MEevErs. 
U. S. 2,271,271, Jan. 27, 1942 (April 26, 1939). 

Apparatus for use in the manufacture of building block. 
E. T. Purnam (Libbey-Owens-Ford Glass Co.). U. S. 
2,270,556, Jan. 20, 1942 (June 11, 1937; Sept. 24,1940). 

Article of vitreous quartz and process for producing and 
working it. FRANz SKAUPY AND GusTAv WEISSEN- 
BERG. U. S. 2,270,718, Jan. 20, 1942 (Dec. 17, 1937).—A 
process for the manufacture of products of vitreous sin- 
tered quartz comprising the steps of heating the products 
at sintering temperature and keeping them during the sin- 
tering operation within the critical temperature range of 
1470° to 1710°C. for a short period of time up to about 
15 min, to avoid the formaticn of cristobalite. 

Bending glass sheets. O. H. Pappock (Libbey-Owens- 
Ford Glass Co.). U.S. 2,270,470, Jan. 20, 1942 (July 14, 
1939). 

Bottle. J. H. Down (G. F. Heublien & Bro.). U. S. 
2,270,277, Jan. 20, 1942 (March 15, 1940).—A bottle 
having a label-receiving pocket. 

Coating for fibrous glass strands. A. L. SrmMIsoNn 
(Owens-Corning Fiberglas Corp.). U. S. 2,272,588, Feb. 
10, 1942 (July 31, 1937). 

Connecting a metallic to a ceramic body. BririsH 
THomson-Houston Co., Lrp. Brit. 542,101, Jan. 7, 
1942 (Oct. 24, 1939). 

Cutting machine. J. R. Morris (Libbey-Owens-Ford 
Glass Co.). U. S. 2,270,462, Jan. 20, 1942 (March 27, 
1940). 

Electric discharge lamp. Harry KALSING, HERMANN 
KREFFT, AND FRITZ ROsSLER (Canadian General Electric 
Co., Ltd.). Can. 401,620, Dec. 23, 1941 (Aug. 23, To 

G.M 

Electric incandescent lamp. E. G. DorGeL_o, WILLEM 

ELENBAAS, H. J. LEMMENS, AND M. J. JANSEN (Canadian 
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General Electric Co., Ltd.). Can. 401,618, Dec. 23, 
1941 (June 7, 1938). J. H. pp Boer, Wit_tem ELENBAAS, 
E. G. Dorceto, anp H. J. Lemmens (Canadian General 
Electric Co., Ltd.). Can. 401,621, Dec. 23, 1941 (Nov. !, 
1938). G.M.H. 

Forming blown glass articles. W.K. Bertso.p (Hart- 
ford-Empire Co.). U. S. 2,273,777, Feb. 17, 1942 (Dec. 
28, 1938). 

Forming composite building block. E. T. Putnam 
(Libbey-Owens-Ford Glass Co.). U. S. 2,270,555, Jan. 
20, 1942 (Sept. 11, 1939; Aug. 3, 1940). 

Frothed glass block a tus. H. R. Brack. U. S. 
2,272,930, Feb. 10, 1942 (March 19, 1938). 

Glass-cutting apparatus. R. J. Louviaux Anp A. W. 
GOoRALSKE (Libbey-Owens-Ford Glass Co.). U. S. 2,273,- 
716, Feb. 17, 1942 (Aug. 28, 1940). 

Glassmelting furnace. L. S. LoNGENEcCKER. U. S. 
2,272,217, Feb. 10, 1942 (June 29, 1940). 

Glass-to-metal seal. A. W. Hutt anp Louis Nayras 
(General Electric Co.). U. S. 2,272,747, Feb. 10, 1942 
(April 7, 1939).—In sealed combination, a metal having 
substantially the expansion characteristics of iron and a 
glass which contains about 45 SiO,, about 12 K,O, about 
6 Na,O, about 32 PbO, and about 5% CaF». 

Glass plate hardening oven. F&LIx VRANKEN. Can. 
402,126, Jan. 6, 1942 (April 18, 1939). Can. 402,127, 
Jan. 6, 1942 (April 17, 1939). G.M.H. 

Glass-tempering apparatus. G. P. Desprer (Com- 
pagnies Réunies des Glaces et Verres Spéciaux du Nord 
de la France). Can. 401,707, Dec. 23, 1941 (March 27, 
1939). G.M.H. 

Glassworking apparatus. D. E. Gray (Corning Glass 
Works). U.S. 2,271,004, Jan. 27, 1942 (Aug. 8, 1939).—A 
glass-severing apparatus. 

Hollow glass article tempering apparatus. J. B. Mir- 
FORD (Corning Glass Works). Can. 401,823, Dec. 30, 1941 
(Nov. 7, 1939). G.M.H. 

Hollow glass building block. J. L. Draxe (Libbey- 
Owen.-Ford Glass Co.j}. U. S. 2,272,061, Feb. 3, 1942 
(Feb. 10, 1939). 

Increasing the durability of glassware. W. K. Bertu- 
OLD (Hartford-Empire Co.). U. S. 2,273,778, Feb. 17, 
1942 (March 17, 1939; March 27, 1939).—The method 
of increasing chemical durability of an article of glass- 
ware which comprises the steps of introducing steam into 
the article and thereafter circulating a scavenging fluid 
through the article to remove steam and all residual mois- 
ture from the interior thereof. 

Lens-grinding machine. R. E. Fospicx. U. S. 2,271,- 
334, Jan. 27, 1942 (Aug. 23, 1938). 

Lens and its manufacture. Grorc JAECKEL (Sendlinger 
Optische Glaswerke G.m.b.H.). U. S. 2,272,119, Feb. 3, 
1942 (Sept. 8, 1939); divided out of U. S. 2,246,098, June 
17, 1941 (Sept. 8, 1939). 


Adhesive lime mortar. A. T. ALEXANDER. Jour. Can. 
Ceram. Soc., 10, 18-24 (1941).—A. presents the results of 
numerous laboratory experiments with adhesive lime in 
mortars and observations over a period of years on build- 
ings constructed with adhesive lime mortars. The ad- 
vantage. of mortars prepared with this kind of lime in im- 
parting increased strength and preventing efflorescence 
are brought out. J.G.P. 

Calculation of mass compositions in the brick industry 
and a discussion of ing agents. W. KAUFMANN. 
Ziegelwelt, 71, 351-55 (1940); abstracted in Chem. Zentr., 
1941, I, 1082. M.V.C. 

Chemical additions to control auger-machine production. 
R. J. Montrcomery. Jour. Can. Ceram. Soc., 10, 24-27 
(1941). —M. reviews methods advanced for improving the 
behavior of clays or shales in auger machines. These in- 
clude die lubrication, application of heat to die, deairing, 
and chemical treatment. J.G.P. 

Increased performance as a result of economy. K. 
LeNizen. Tonind.-Zig., 65 [16] 161-62 (1941); Trans. 
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Making a transparent article of silica. J. F. Hyper 
(Corning Glass Works). U. S. 2,272,342, Feb. 10, 1942 
(Aug. 27, 1934).—The method of making a transparent 
article of silica which includes vaporizing a hydrolyzable 
compound of silicon into a high-temperature flame of 
combustible gas combined with oxygen, impinging the 
flame on a refractory core to deposit thereon a layer of silica 
in the shape of the desired article, and vitrifying the layer 
to a transparent article ata temperature of 1000° to 1400°C. 

Method and tus for sealing vitreous vessels. D. 
S. Gustin (Westinghouse Electric & Mfg. Co.). U. S. 
2,273,441, Feb. 17, 1942 (Dec. 1, 193° 

Method and apparatus for tempering glass. Grorces 
Monnet (American Securit Co.). U.S. 2,271,377, Jan. 
27, 1942 (July 19, 1938). 

Method and machine for sealing vitreous vessels. M 
E. MCGOWAN AND R. A. REHBERG ( Westinghouse Electric 
& Mfg. Co.). U.S. 2,273,445, Feb. 17, 1942 (March 29, 
1940). 

Optical objective. ArTHuR WarmMIsHAM (Taylor, Taylor 
& Hobson, Ltd.). U. S. 2,270,234 and U. S. 2,270,235, 
Jan. 20, 1942 (Dec. 14, 1939). 

Polishing device. Harry Srvcer. U.S. 2,270,744, Jan. 
20, 1942 (Aug. 26, 1939). 

Process and apparatus for the continuous manufacture 
of sheets of undulated glass. Soc. ANon. pes MANv- 
FACTURES pES Graces & Propurrs CHIMIQUES Sr.- 
Goxsarn, & Crrey. Brit. 542,001, Dec. 31, 1941 
(May 23, 1939); addition to Brit. 443,686, March 18, 1936 
(July 31, 1934). 

Process and means for grinding glass plates. GLAcerr- 
IES DE LA SAMBRE Soc. ANON. Brit. 542,464, Jan. 21, 
1942 (March 2, 1939). 

Production of thin hollow glass articles such as drinking 
glasses. Unirep GLass BoTTLe MANUFACTURERS, LTD., 
L. GeRBAUD, AND E. P. Dorman. Brit. 541,755, Dec. 24, 
1941 (May 6, 1940). 

Seal for double-walled glass units. O. H. Pappocx 
(Libbey-Owens-Ford Glass Co.). U. S. 2,273,733, Feb. 
17, 1942 (June 26, 1940). 

Sealing of electrical conductors into ee of quartz, 
etc. Scopnony, Ltp., AnD H. P. Barascu. Brit. 541,980, 
Dec. 31, 1941 (July 19, 1940); addition to Brit. 488,993 

Sealing electrical conductors to quartz. Emm Horman 
(Chemical Products Co.). U.S. 2,273,488, Feb. 17, 1942 
(Dec. 29, 1939). 

Sealing electrodes into quartz bulbs. G. A. Freeman 
(Westinghouse Electric & Mfg. Co.). U.S. 2,273,439, Fe’ 
17, 1942 (Aug. 6, 1940). 

Tempering BERNARD Lonc (American Securit 
Co.). U.S. 2,271,373, Jan. 27, 1942 (March 17, 1939); di- 
vided out of U. S. 2,244,715 (Ceram. Abs., 20 [8] 194 
(1941)). W. W. Smaver (Corning Glass Works). U. S. 
2,271,038, Jan. 27, 1942 (Feb. 23, 1940). 


Brit. Ceram. Soc., 40 [9] 91A (1941).—Possible methods 
of eliminating human effort in brick manufacture are out- 
lined. At the clay pit, endless ropeways or other types 
of conveyers should be used. Automatic cutting-off tables 
and correctly designed barrows or electric trucks, mono- 
rails, or convever belts should be used in the manufactur- 
ing process. The time sequence in setting should be 
studied so that the men have regular rest periods, and the 
rotation should be such that green brick arrive at the 
correct moment. Mechanical stokers lead to a fuel 
economy of 10 to 15%; economy in this direction is also 
attained by the utilization of CO, recorders, draft record- 
ers, and pyrometers. ; 
Lamination faults in brick. C. Scummpr. Tonind.- 
Ztg., 65 [18] 177-79 (1941); Trans. Brit. Ceram. Soc., 40 
[9] 92A (1941).—Lamination faults due to the clay pro- 
peller should occur at regular intervals; tle periodicity of 
such laminations can be calculated from tze dimensions of 
the machine and its speed of rotation. Faults of this type 
have not been detected in brick, but they have been noted 
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in drainpipe. A modern brick extrusion machine has a ‘fier from those necessary for other types of cement 
consideration must be given to the other 


volumetric working efficiency of about 0.25, i.e., the ratio mixes and in that 
of the volume of the clay column actually extruded tothat part of the structure (the brick) in designing a suitable 
i is 1:4. If the clay propeller mortar. To produce watertight, durable structures of 


has a velocity of 20 r.p.m., the clay mass rotates 15 times brick and tile, serious consideration must be given to the 
j quality of the mortar which is to be used: (1) it must have 


aay which means a reduction of 100 brick per min. 
a high degree of workability, combining both mobility 
of the propeller, i and cohesiveness; (2) it must have @ water-retaining ca- 


in the cylinder occurs at the front end . 

is through the propeller before that clay which is pacity which is suited to the characteristics of the brick 
already in the press head; the two masses therefore com- with which it is to be used; (3) the properties of the mor- 
bine. Clay jes are distingui from liquids, but the tar itself, such as shrinkage bond strength, absorption 


bodies distinguished , 
of viscosity is nevertheless useful. Certain lamina- and permeability, strength, solubility, and durability, 
tion faults can be overcome by increasing the viscosity should be controlled by proper mixing of the mortar with 
of the clay, thereby decreasing the rate of extrusion. They 2 well-graded sand and the proper proportions of cement 
are thought to be more often due to wall friction than to and lime or similar material; (4) the water content of the 
the ign of the clay S. considers that the mortar should be reduced to a minimum and the full 

by the addition of a 


S crack is definitely due to the rotary motion of the pro- effectiveness of the cement realized 
peller. This fault is particularly evident when the dis- cement dispersing agent with which it is usually desirable 
tance between the mouthpiece and the propeller is either to include a stearate to impart @ certain degree of water 
very small or very large. A rapid rate cf working leadsto re mcy. The practical aspects of modern construction, 
the formation of S cracks without other types of lamina- including speed required, availability of materials, and the 
tion, while slow extrusion eliminates S cracks but may quality of workmanship available, make it essential to pro- 
cause other laminations. This fault has been overcome by vide a mortar which is inherently of the highest quality 
the installation of counter cutters in the press head. and which is suitable for the type of brick used. J.G.P. 
Modern brick pavements. W. H. Cuttmore. Roads 
& Streets, 85 [1] 49-53 (1942).—C. reviews the develop- SEPARATE PUBLICATIONS 
ments in the paving-brick industry under the following Preparation and Revision of Building Cote GEORGE 
headings: (1) center line and traffic markers on brick- N. Taompson. Nat. Bur Standards Bldg. Materials & 
paved streets, (2) brick markers installed in sheet asphalt Structures Rept., BMS19, 18 pp. (May, 1939). Supt. of 
i Documen Printing Office, Washington, 
East River Drive, (4) vibrated monolithic brick construc- Price 15¢.—Building construction has been subjected for 
i control in the interest of safety and 
evising build- 
brick have been used in the paving of floors. img codes usually falls upon local committees. T. ds- 
driveways, and yards. Paving projects on streets and scribes how such work is done, 
roadways in the defense-highway have been com-__ nical information are indicated. 
pleted and many more are under construction for this year. 
Because of its established record of service and maintenance 
economy, vitrified brick is well qualified to withstand arrangement, and numbering; 
the terrific punishment of heavy mechanized -“—< motor- tional standards and ways of referring to them; methods 
i AK 


vitri 


of recognizing new materials and new methods of con- 


t AK. 

Modern works in an old shell. ANON. Claycraft, 15 struction; extent of delegation 0 
[3] 71-77 (1941).—When the Pipe Department of Ensor & ing official and safeguards against arbitrary action; and 
Co., Ltd., was destroyed by fire, a modernized and up-to- other questions of major importance. An attempt has 
date plant was built. New features described include (1) been made to place committees in possession of sufficient 
elevators for conveying the pugged clay from the pug mill information to proceed in their work with a minimum 


and mixer to the pipe machines; (2) driers, consisting of lost motion. Not all questions can be answered with 
batteries of six-chamber driers with a center flue and chim- finality, as the situation is complicated by the existence 
ney, the air being pushed through the chambers by a high of proposals of nearly equal merit and by differing judicial 
powered fan and the chimney acting as an outlet; and (3) decisions. Constructive work in the field of building-code 

i i lectrically driven, which takes @ bar- requirements has been going on continuously for some 


a continuous hoist, e 

row load of pipes at a time down from the third floor or, time and will exert an ever-increasing influence. 

if required, from the ground to the first floor. Illustrated. R.A.H. 
G.A.K. Ss Properties of a Brick Cavity-Wall Construc- 


tructural 
Modular unit adopted—American Standards Association tion Sponsored by the Brick Manufacturers Assn. of New 
York, Inc. L. Wuirremore, AMB2OSE H. 


Project A-62. ANON. Bull. Amer. Ceram. Soc., 21 [2] 
1941). STANG, AND DOUGLAS E. Parsons. Nat. 


31-32 (1942); see Ceram. Abs., 20 [10] 237 ( 
Mortar. R.H.SHaw. Jour. Can. Ceram. Soc.,10,17-18 Bldg. Materials & Structures Rept., BMS23, 12 pp. (Aug. 
a tir stresses the advantages of high-lime mortars 1939). Supt. of Documents, Govt. Printing Office, Wash- 
using aged lime putty) for watertight masonry construc- ington, D. C. Price 10¢.—For the program on the de- 
tion. Aged lime putty mortar is plastic, which means that termination of the structural properties of low-cost house 
the mason can get fuller and tighter joints, and has low constructions, 15 specimens representing @ brick cavity- 
shrinkage. The expansion or contraction due to moisture wall construction were submitted. The specimens were 
and changes in temperature is low (about the same as that subjected to compressive, transverse, concentrated, im- 
of the brick). The mortar dries out quickly after a rain- pact, and racking loads. The compressive loads were ap- 
j.G.P plied to the facing and backing of 3 specimens and to the 


Mortar as it is now used. R. J. MONTGOMERY. Jour. backing only of 3 other specimens. For each of the loads, 

Can. Ceram. Soc., 10, 10-14 (1941).—M. considers mortars 3 like specimens were tested. The deformation 

from the following viewpoints: the relationship of porosity load and the set after the load was removed were meas 

of mortar and brick to water movement, the importance for uniform increments of load, except for concentrat 

of full joints and workmanship, and the importance of loads, for which the set only was determined. The t 

bond between mortar and brick. The selection of mortars sults are presented graphically and in a table. RAH. 
Reinforced-Brick Wall Con- 


for special wall construction, such as the air space or cavity Structural Pro es of a 
jJ.G.P. struction and a Brick-Tile Cavity-Wall Construction Spon- 


es of a brick mortar. LANE Knicut. Jour. sored by the Structural Clay Products Inst. Hersert 
Can. Ceram. Soc., 10, 14-17 (1941).—Brick mortars pre- L. Wuitremore, AMBROSE H. STANG, AND CYRUS : 
sent a peculiar problem in that the properties required FISHBURN. Nat. Bur. Standards Bldg. Materials 
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Structures Rept., BMS24, 17 pp. (Aug. 24, 1939). Supt. 
of Documents, Govt. Printing Office, Washington, D. C. 
Price 10¢.—For the program on che determination of the 
structural properties of low-cost house constructions, 9 spec- 
imens representing a reinforced-brick wall construction 
and 18 specimens representing a brick-tile cavity-wall con- 
struction were submitted. The reinforced wall specimens 
were subjected to compressive, transverse, concentrated, 
and impact loads. The brick-tile cavity-wall specimens 
were subjected to compressive, transverse, concentrated, 
impact, and racking loads. The transverse, concentrated, 
and impact loads were applied to both faces of the brick- 
tile cavity-wall specimens. For each of these loads, 3 like 
specimens were tested. The deformation under load and 
the set after the load was removed were measured for uni- 
form increments of load, except for concentrated loads, for 
which the set only was determined. The results are pre- 
sented and in tables. R.A.H. 
Structural Properties of Six Masonry Wall Construc- 
tions. Herpert L. Waitremore, AmpBrose H. STanc, 
AND Dovucias E. Parsons. Nat. Bur. Standards Bldg. Ma- 
terials & Structures Rept., BMS5, 31 pp. (Nov., 1938). 
Supt. of Documents, Govt. Printing Office, Washington, 


Action of alkalis on refractory materials: IX, Examina- 
tion of the reactions of sodium chloride vapor with refrac- 
tory materials at 1000°C. and the conditions lea to the 
volatilization of the brick constituents. F. H. CLews, 
H. M. Ricuarpson, AND A. T. Green. Bull. Brit. Re- 


frac. Research Assn., No. 48 (Oct., 1938); No. 52 (Oct., 


1939); reprinted in Trans. Brit. Ceram. Soc., 40 [11] 415- 
941); see Part X, Ceram. Abs., 18 [8] 211 (1939). 
xX, ents on the alterations in when re- 
fractory materials are to potassium chloride vapor 
at 1000°C. Trans. Brit. Ceram. Soc., 40 [11] 426-29 
(1941); see Part XI, Ceram. Abs., 19 [2] 46 (1940). XI, 
Effect of potassium chloride vapor on the transverse 
strength at 1000°C. Trans. Brit. Ceram. Soc., hy {11} 
430-33 (1941); see Part XIII, Ceram. Abs., 20 [2] 45 
(1941). XII, Effect of heat on refractory materials im- 
pregnated with sodium carbonate and sodium hydroxide. 
Trans. Brit. Ceram. Soc., 40 [11] 434-41 (1941); see Ceram. 
Abs., 20 [2] 45 (1941). For Parts VI-VIII see sbid., 20 
{3] 70 (1941); for Parts XIV and XV see dbid., 21 [1] 13 
(1942). [Eprror’s Norte: Discrepancies in the part 
numbers of this urticle are due to the fact that the parts 
are numbered differently in Trans. Brit. Ceram. Soc. and 
in Rept. Refrac. Materials Joint Committee, Inst. Gas Engrs. 
Pub.}. R.A.H. 
Chrome-ore refractories triple life of basic open-hearth 
furnace. Lewis B. Linpemuts. Brick & Clay Record, 
99 [3] 42-43 (1941).—In 60- and 100-ton furnaces, roofs 
built of chrome-magnesite brick average 1200 heats, using 
12-in. roofs with 15 or 16-in. ribs and insulation. The ad- 
vantages gained through the use of this type of brick 
throughout are as follows: greatly prolonged life, higher 
furnace temperature, bet-er refining control, lowered re- 
fractory costs, less slag vo!ume, and more uniform produc- 
tion rate. The only disadvantage is a higher initial cost 
which is readily wiped out. Roof brick are made of 60% 
or more of chrome ore of a selected grade; the materials 
are accurately screened to size. These brick are formed 
at high pressure and fired at a high temperature. Roof 
brick are all keys instead of wedges, as used for silica 
brick, and are laid with 20-gauge black-iron plates be- 
tween all joints. B.C.R. 
Design and operation of an electric load-test furnace. 
McDona_p S. NELSON AND Ropert R. Ratston. Jour. 
Amer. Ceram. Soc., 25 [4] 112-16 (1942).—5 references, 
8 figures. 
Effect of increasing heat-treatment on the properties of 
a diatomaceous insulating brick. H. O.rver anp J. S. 
Ricsy. Trans. Brit. Ceram. Soc., 40 [9] 335-62 (1941).— 
The effect of increasing heat- treatment up to 1050°C. on 
a diatomaceous brick was studied; the results are as fol- 
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D.C. Price 15¢.—For the program on the determination 
of the structural properties of low-cost house construc- 
tions, specimens were built representing six masonry 
wall constructions as follows: high-strength brick, cement 
mortar, excellent workmanship; medium-strength brick, 
cement-lime mortar, commercial workmanship; medium- 
strength brick, cement-lime mortar, excellent workman- 
ship; structural clay tile on end, cement-lime mortar, 
excellent workmanship; structural clay tile on side, cement- 
lime mortar, excellent workmanship; and stone-concrete 
block, cement-lime mortar, excellent workmanship. The 
specimens were subjected to compressive, transverse, con- 
centrated, impact, and racking loads. For most of these 
loads, 3 like specimens were tested. The deformation 
under load and the set after the load was removed were 
measured for uniform increments of load up to the maxi- 
mum load, except for concentrated loads, for which the 
set only was determined. The results are presented graph- 
ically and in a table. R.A.H. 


PATENT 


Interl building slab. J.C. Eart. U.S. 2,270,627, 
Jan. 20, 1942 (April 2, 1940). 


lows: (a) The brick ‘OB to shrink with increasing sever- 
ity above 950°C. Bulk density increases -apidly 
abuv~: 950°C., and an increase of approximately 15% is 

obtainable. (c) Porosity is only slightly affected. (é) 
True specific gravity gradually increases with increase in 
temperature, indicating a change in form of the free silica 
present. (#) Load-bearing capacity increases. (f) Ther- 
mal expansion is generally low but increases with increas- 
ing heat-treatment. The curves give indications of in- 
creased formation of tridymite at the higher temperature 
of refiring. (g) Permeability results were affected more 
by variation in texture than’ by heat-treatment. (A) 
Thermal conductivity values are affected by heat-treat- 
ment to an extent of about 30% increase after refiring to 
1050°C. This is suggested to be related to increase in 
bulk density. The importance of bulk density in rela- 
tion to thermal conductivity has been emphasized. (j) 
The effect of heating one face of a normally fired diatoma- 
ceous product to 1050°C. was studied; it was found that it 
took 24 hr. longer heating than the normal testing period 
to attain equilibrium. The increase in thermal conduc- 
tivity during the 24 hr. was 3.7%. (k) The economic pos- 
sibilities of using n y fired products up to 1050°C. are 
compared with those of using material previously fired to 
1050°C.; an advantage in favor of the former is indicated. 


R.A.H. 
History of the refractories in : IV. Joun D. 
Ramsay. Brick & Clay Record, 96 (6) 58, 60, 52 (1940).— 


R. discusses the types of clay, their selection, and develop- 
ments in processes used in the manufacture of refractories. 
V. Ibid., 97 [1] 50 (1940).—The technical developments, 
types of specifications, and test methods applying to 
these specifications as used in the refractories industry 
are reviewed. VI. Ibid., [2] 50, 52.—R. discusses the 
changes in the ethics of the refractories industry during its 
previous history and the closer collaboration between man- 
ufecturers. VII. Jbid., [3] 60,62.—The effect of gratuities, 
excessive entertainment, and industrial depressions upon 
selling technique are di . Many manufacturers 
are now able to supply engineering service, thus assuring 
the use of the proper type of refractory for the service re- 
quired. This service, together with the cost of obtaining 
the necessary data, has increased the cost of selling and 
distribution 100% during the past ten years. VIII. Jbid., 
[4] 50, 52.—The “middleman” or dealer plays an impor- 
tant role in the refractories industry. Dealers sell in quan- 
tities of usually less than a carload and may represent one 
or more producers. To operate his agency successfully, the 
dealer must (1) act as the producer’s representative, (2) 
have faith in the producer and his products, (3) possess a 
knowledge of the distribution facilities of the producer, and 
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(4 oro se a thorough understanding of the application of 

IX. Jbid., [5] 58.—The economics of the 

naan industry are discussed. Such factors as per 

cent of capacity at which the industry has been operating 

during the past ten years and need of modernization are 

im For Farts I-III see Ceram. Abs., 20 tah 239 
1941 B.C.R 

Magnesia plant. Anon. Rock Products, 44 [12] 60 
(1941).—Construction of a plant for the production of 
magnesite from sea water and dolomite, using the Chesney 
process, has been started at Cape May point, N. J., by 
the Northwest Magnesite Company, jointly owned by 
the Harbison-Walker Refractories Co. and the General 
Refractories Co, This process has been in use in England 
since 1939 in the manufacture of magnesium metal. The 
plant will have a capacity of 40,000 net tons per year with 
provision made for the addition of future units. B.C.R. 

Metallurgical problems in foundry and mill. R. K. 
Witson. Australasian Manuf., July 5, 1941; Trans. 
Brit. Ceram. Soc., 40 [11] 123A (1941).—In the brass 
foundry, fire clay has been almost universally replaced by 
graphite as a crucible material, with the result that melting 
times have been nearly halved. This reduces melting 
costs and improves the quality of the brass because less 
time is allowed during which oxidation and contamination 
can take place. The advent of laminated graphite cru- 
cibles has reduced melting times still more and has nearly 
doubled the life of crucibles under normal working con- 
ditions. The crucibles are formed to the desired shape in 
a way which permits the flakes of graphite to overlap, thus 
obtaining maximum strength in the crucibles. A good 
graphite crucible used for nonferrous alloys such as brass 
and nickel should remain in use for upward of 50 or 60 
cycles. The use of rammed linings in Ajax-Wyatt type 
furnaces is mentioned; the ramming mixture should 
contain 8 to 10% water. 

Properties of plastic refractories and features of their 
application. CHarLes J. Warp. Jour. Can. Ceram. Soc., 
10, 8-10 (1941).—Plastic refractories were first used in the 
form of hot-patching materials. Other applications for 
this type of refractory soon became apparent, however, 
and there has been a large development in this field not 
only for fire-clay refractories but for basic and neutral re- 
fractories as well. Fire-clay refractories only are dealt 
with. The properties of plastic refractories meet struc- 
tural conditions rather than refractory conditions. A 
firebrick lining may pull away from the outer wall owing 
to frequent expansion and contraction, while with a plastic 
refractory the lining can be more advantageously anchored. 
Ceramic engineers constantly faced with the problems 
connected with the use of plastic refractories have decided 
it is more important to have one plastic especially good in 
one or two of the refractory properties and fairly well 
balanced in the rest and have others designed for other 
types of application than it is to try to develop a universal 
plastic refractory for all fields of application. J.G.P. 

Properties of refractories. F. H. Norton. S. M. 
Pue.trs. Metals Handbook, 1939, pp. 280-84; Met. Abs. 
(Inst. Metals), 7 [7] 316 (1940).—Physical and chemical 
data and thermal and electrical conductivities are given 
in tabular form. 

Properties of refractory materials. Sruart M. PHELPs. 
Metal Progress, 46 [4] 582 (1941).—The physical proper- 
ties of numerous refractories and pure minerals ee 

B.C.R. 

Reactions in mixtures of chromite, and 
alumina: I, Influence of boric acid and of calcium fluoride 
in promo combination. A. Watts, AND J. 
Vyse. Bull. Brit. Refrac. Research Assn., No. 51 (Aug., 
1939); reprinted in Trans. Brit. Ceram. Soc., 40 [10] 363- 
79 (1941).—Mixtures of synthetic chromite (FeCr,0,) 
with calcined alumina and light magnesium oxide were 
fired to 1600°C. Three series of samples were made: 
(a) without the addition of mineralizers; (+) with boric 
acid; and (c) with the addition of synthetic fluorite. The 
briquettes received 3 firings with intermediate crushing 
and remolding between the firings. Color changes meas- 


ured by means of the Ostwald system, the densities, and 
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petrological changes are given. Similar investigations 
were made using chrome ore, commercial dead-burned 
magnesite, and pure alumina. The boric acid used as a 
mineralizer was pure, but the fluorspar used for this pur- 
pose was of commercial quality. The results of the two 
studies are compared. II, Proportion of extractable = 
nesia in the fired mixes. W. HucrIL ANp J. VYSE. Ball. 
Brit. Refrac. Research Assn., No. 56 (Sept., 1940); reprinted 
in Trans. Brit. Ceram. Soc., 40 [10] 380-87 (1941).—The 
fired pure chromite-magnesia-alumina mixes and the fired 
commercial chrome ore-magnesite-alumina mixes were 
subjected to extraction by ammoniacal ammonium chlo- 
ride solution to determine the uncombined magnesia. 
Preliminary tests showed that this reagent dissolves 
periclase but has negligible action on magnesium silicates 
and spinels. In most of the samples examined, there was 
a tendency for less, rather than more, than the calculated 
amount of magnesia to be extracted, particularly in the 
mixes rich in magnesia. This may indicate some solution 
of the excess magnesia in the picrochromite-spinel com- 
plex. R.A.H. 
Refractory dunite mass. Ya. V. KLYUCHAROV AND 
A. G. Marants. Trudy Vsesoyus. Inst. Ogneuporov, 1939, 
No. 18, pp. 32-53; abstracted in Foundry Trade Jour., 
62 [1242] 419 (1940).—A satisfactory refractory for lining 
open-hearth furnaces can be prepared from Ural dunite, a 
mineral composed of 36% olivine and 64% serpentine. 
H.E.S. 
Selecting refractories for industrial furnaces. J. J. 
Orrutr. Ind. Heating. 8 [9] 1014-20 (1941); see Ceram. 
Abs., 21 [8] 62 (1942). M.H. 
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Cast refractory. G. S. FULCHER AND T. E. FIED (Cor- 
hart Refractories Co.). U. S. 2,271,368, Jan. 27, 1942 
(Oct. 24, 1939).—A heat-cast refractory containing sub- 
stantial quantities of crystalline chromic oxide greatly in 
excess of 1% and zirconia. 

Cast refractory product. T. E. Frerp (Corhart Refrac- 
tories Co.). U. S. 2,271,366, Jan. 27, 1942 (Oct. 20, 
19399.—A cast refractory consisting essentially of crys- 
talline zirconia and corundum in a siliceous noncrystalline 
matrix in which the total silica in the refractory is less than 
20% by weight by chemical analysis. 

Crucibles or melting pots. E. C. Lewis Anp J. STONE 
& Co., Ltp. Brit. 542,324, Jan. 14, 1942 (July 2, 1940). 

Furnace-arch construction. S. H. Lanyon. U. S 
2,272,015, Feb. 3, 1942 (Sept. 27, 1938). 

Heat-conducting refractory materials. J. D. Morcan 
(Cities Service Oil Co.). U. S. 2,272,038, Feb. 3, 1942 
(July 7, 1938).—A heat-conducting refractory comprising 
ferrosilicon 80 to 20%, chromic oxide 50 to 10%, and 
silicon carbide 70 to 15% by weight, bonded by 5 to 60% by 
weight of fused sillimanite. 

Making refractory materials. H. C. Les (Basic Refrac- 
tories, Inc.). U. S. 2,272,324, Feb. 10, 1942 (March 1, 
1938).—Incorporating with a dolomite material an agent 
reactive with a constituent thereof to formation of a liquid 
phase at elevated temperature and separating the liquid 
phase from the unfused portion. 

Manufacture of magnesium products from brine. N. R. 
Cotitins (Marine Magnesium Products Corp.). U. S. 
2,273,178, Feb. 17, 1942 (Oct. 25, 1938).—In a process for 
the manufacture of magnesium hydroxide from brines 
containing convertible magnesium salts, the steps of deaer- 
ating the brine while the brine is at a temperature of the 
order of 18° to 22°C. and then contacting the deaerated 
brine with a hydroxide capable of precipitating magne- 
sium hydroxide. 


Manufacture of refractories for glass furnaces. Cor- 
ninc Giass Works. Brit. 542,156, Jan. 7, 1942 (Oct. 
11, 1939). os 


Refractory alkaline earth chromite casting. 
Frecp (Corhart Refractories Co.). U. S. 2,271,362, Jan. 
27, 1942 (Oct. 11, 1939).—A heat-cast refractory analyti- 
cally containing not more than 25% magnesia, the re- 
mainder being substantially only oxide of chromium. 


b 


1942 


Refractory articles Corninc Grass Works. Brit. 

542,157, Jan. 7, 1942 (Oct. 11, 1939). 

chromite T. E. Frevp (Corhart 
Refractories Co.). U. S. 2,271,364, Jan. 27, 1942 (Oct. 
11, 1939).—A heat-cast refractory substantially free from 
silica and consisting essentially of ferrous chromite and at 
least one of the aikaline-earth chromites. . 

Refractory composition. J. D. Morcan (Cities Service 
Oil Co.). U.S. 2,272,039, Feb. 3, 1942 (July 20, 1938).— 
A composition comprising sillimanite, silicon, and a fused 
refractory from the group consisting of alumina, zirconia, 
and chromium oxide, the materials being bonded together 
by the reaction products resulting from the action thereon 
of 1 to 10% by weight of phosphoric acid and 0.5 to 5% 
by weight of chromic acid. 

Refractory ferrous chromite-alumina casting. T. E. 
Frecp (Corhart Refractories Co.). U.S. 2,271,365, Jan. 
27, 1942 (Oct. 11, 1939)—A cast refractory containing 
by chernical analysis 15 to 30% iron oxide and not over 
50% alk mina, the remainder being substantially only 
chromic oxide, without any substantial amount of mag- 
nesia and silica. 

Refractory ferrous chromite casting. T. E. Frie._p 
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(Corhart Refractories Co.). U. S. 2,271,363, Jan. 27, 
1942 (Oct. 11, 1939).—A heat-cast refractory consisting 
essentially of ferrous chromite and substantially free from 
compounds other than those of the metals forming the 
chromite. 

Refractory zirconia-alumina casting. G. S. FuLCHER 
AND T. E. Frecp (Corhart Refractories Co.). U.S. 2,271,- 
369, Jan. 27, 1942 (Oct. 24, 1939).—A cast refractory con- 
sisting essentially of zirconia and alumina and substan- 
tially free from iron oxide and titania and in which the 
zirconia is not less than 60% and the alumina is not greater 
than 25% by weight by chemical analysis. 

Refra zirconia casting. G. S. FULCHER AND 
T. E. Frecp (Corhart Refractories Co.). U. S. 2,271,367, 
Jan. 27, 1942 (Oct. 11, 19359).—A cast refractory article 
containing at the most a slight amount of silica and con- 
sisting principally of zirconia, alumina, and at least one 
of the group consisting of Na,O and K,O in which the 
zirconia is greater than 20% and the ratio of alumina to 
alkali is less than 19 to 1 by weight by chemical analysis. 

Vertical retorts for carbonization of coal, etc. FF. J. 
West, E. West, AND West’s Gas IMPROVEMENT Co., Lp. 
Bric. 542,398, Jan. 21, 1942 (Sept. 14, 1940). 


Whiteware 


Ceramic chemistry: I, Glazing and decoration. A. B. 
Hottowoop. Chem. Age [London], 45 [1172] 297-99 
(1941).—The growth of the industries manufacturing 
glazed tile, sanitary ware, and electrical porcelain neces- 
sitated the use of larger units of production and ration- 
alized planning; these have recently become necessary 
in the manufacture of tableware. Larger units can pay 
for research and thereby reduce waste and other troubles 
far more than is possible with smaller units. The earliest 
method of glazing in Great Britain consisted in applying 
red lead to the surface of the ware. This method was 
superseded by salt glazing, which is, however, too harsh 
for tableware, and it, in turn, has been superseded by 
modern glazes composed of frits and other fusible ma- 
terials as well as whiting, flint, and clay. If the glaze does 
not have the same coefficient of expansion as the body, 
crazing will occur. Bubbles in the glaze are commonly 
caused by sulfates and chlorides. On more than 80% 
of the pottery decorated in Britain, the design is produced 
by printing, either under or over the glaze; a far wider range 
of colors is obtained with overglaze decoration. Most 
underglaze colors consist of the oxide colorar t and a dilu- 
ent clay. Overglaze colors consist of oxides and a flux. 
Two forms of gold decoration are in common use: liquid 
and burnished; the latter remains dull until burnished by 
rubbing with agate or bloodstone. Gold is also used in the 
preparation of overglaze pinks. Very small proportions 
of impurity in the gold seriously affect the color. Silver 
does not produce a luster as does gold; the so-called silver 
luster is derived from platinum. The colors must resist 
the wecr and tear of usage and the corrosive effects of 
foods and washing materials. The work of the ceramic 
chemist is to supply the potter with a wide range of colors 
and more manageable clays and glazes and the users with 
more durable and more hygienic articles. In this work 
research is of fundamental importance because food and 
washing soda can quickly ruin the finest tableware. When 
the glaze is removed, the ware becomes eee 


Outline of manual of standard tests and specifications 
of the White Wares Division—tests and specifications for 


radio insulators and capacitors. Anon. Bull. Amer. 
Ceram. Soc., 21 [2] 24-25, 34 (1942). 

Substitution of nepheline-syenite for potash fel in 
electrical porcelain. W. A. Sempre. Jour. Can. Ceram. 


Soc., 10, 51-62 (1941).—S. investigated the feasibility of 
replacing potash feldspar by nepheline-syenite in electrical- 
porcelain bodies and the behavior of these commercial 
bodies containing nepheline-syenite when fired to diffcrent 
temperatures in the laboratory. The bodies fluxed with 


nepheline-syenite show an earlier vitrification than the 
feldspar bodies; this is evidenced by a generally higher 
shrinkage and lower absorption at the lower cone tem- 
peratures. Plastic and cast bodies show about the same 
firing shrinkage at maturing temperatures. The difference 
indicated in the case of dry-pressed bodies could possibly 
be related to a difference in water content. Bodies fluxed 
with nepheline-syenite have a transverse strength as great 
as, if not greater than, that of the corresponding feldspar 
bodies. They are dense and well vitrified at maturing 
temperatures, and their thermal expansion is practically 
the same as that of the feldspar bodies. S. believes that 
the substitution of nepheline-syenite for potash feldspar 
in electrical porcelains should be given further considera- 
tion. J.G.P. 


PATENTS 


Apparatus for feeding ceramic slip. J. A. Bower 
(Taylor, Smith & Taylor Co.). U. S. 2,273,016, Feb. 
17, 1942 (April 1, 1939). 

Ceramic article and method of making. T. G. Mc- 
DovucaL, Kart SCHWARTZWALDER, AND A. H. FESSLER 
(General Motors Corp.). U. S. 2,272,346, Feb. 10, 1942 
(May 9, 1940).—A ceramic product made by firing a 
ceramic mixture consisting of 0.35 to 99% beryllium oxide, 
0.50 to 96% aluminum oxide, and 0.50 to 30% silicon di- 
oxide. 

Ceramic body. A. H. Fesster AND Kari SCHWARTZ- 
WALDER (General Motors Corp.). U.S. 2,272,618, Feb. 
10, 1942 (May 22, 1936).—({1) A spark-plug insulator of 
dense, nonporous, sintered crystalline structure formed 
by firing, to a temperature below that of complete fusion, 
a finely ground nonplastic ceramic mixture showing upon 
analysis 85 to 99% alumina and 15 to 1% silica, the in- 
sulator consisting predominantly of a sintered mass of 
crystals with a small proportion of interstitial glass, the 
sintered crystalline mass including corundum. (11) The 
method of making dense, nonporous bodies consisting 
predominantly of corundum and mullite which consists 
in preparing a mixture of aluminum oxide and an aluminum 
silicate, the mixture showing upon analysis 85 to 99% 
alumina and 15 to 1% silica, pulverizing the material to a 
grain size of the order of 325-mesh or less, shaping the 
article from the material, and firing the article to tempera- 
tures of the order of cone 30 to 35 to sinter it into a dense, 
nonporous mass of corundum and mullite crystals retain- 
ing the desired shape. 

Ceramic body especially adapted for use as a spark-plug 
insulator. A. H. FessLer AND SCHWARTZWALDER 
(General Motors Corp.). U. S. 2,272,338, Feb. 10, 1942 
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(Feb. 19, 1938). —Ceramic material in the form of a dense, 


or vitreous 

Dec. 23, 1941 (Oct. 12, 1940). —This method of making i in- 
sulators comprises vitrifying the material under a pressure 
several times atmospheric pressure so that the density of 
any gas sealed off within the body will be greater than the 
density of air at atmospheric pressure. G.M.H. 

Electric material. F. H. Rippie (Champion 
Spark Plug Co.). U.S. 2,272,480, Feb. 10, 1942 (Nov. 16, 


constituting 2 to 10% of the body, the beryl and titanium 
oxide in the mixture being in proportions not greater than 
3 of one to 1 of the other. 

Making cast ceramic flatware. J. A. Bower (Taylor, 
Smith ee Co.). U.S. 2,273,015, Feb. 17, 1942 (Feb. 
27, 1939). 

Making ceramic insulators. Pierer Gorpe, L. T. 
ScHEERMAN, M. G. vAN BrucceEn, E. J. W. VERWEY, AND 
R. D. Boos. (Hartford National Bank and Trust Co.). 
U. S. 2,270,872, Jan. 27, 1942 (March 11, 1938).—A 
method of manufacturing a ceramic insulator comprising 
the steps of forming a titanium dioxide body substantially 

tage of valency, sintering the body to compactness in an 
atmosphere and at a temperature between 1400° 

and 1500°C., cooling the body to a temperature of about 
1100°C., and rapidly cooling the body from a temperature 
of a t least about 1100°C. to a temperature of less than 
chont 700°C. to keep the dielectric loss factor smaller 
than 2 X 10~* as measured at a wave length of 200 meters. 

Manuf dielectrically ~grade ceramic sub- 


stances. PAUL (‘‘Fides”’ . fir die Verwaltung 
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und Verwertung von gewerblichen Schutzrechten m.b.H.). 
U. S. 2,272,330, Feb. 10, 1942 (July 18, 1938).—The 
method of manufacturing dielectrically high-grade ceramic 
materials which comprises firing a ceramic mixture consist- 
ing mainly of crystalline titanium dioxide in contact with an 
= atmosphere substantially free of reducing 


kiln or oven or otherwise. G. Woo.iiscrorr & Son, 
Lrp., F. Davis, AND G. Davenport. Brit. 541,857, Dec. 
24, 1941 Sept. 28, 1940). 

Prod dielectrically high-grade titanium dioxide. 
Pau. Scuupp (‘‘Fides” Ges. fiir die Verwaltung und Ver- 
wertung von gewerblichen Schutzrechten m.b.H.). U. S. 
2,272,331, Feb. 10, 1942 (July 18, 1938).—-The method of 
producing a dielectrically high-grade titanium dioxide of 
crystalline form which comprises subjecting crystallized 
titanium dioxide to a heat-treatment at an elevated tem- 
perature promoting the perfection of the crystalline lattice 
and in an oxygen-rich atmosphere substantially free of re- 
ducing agents. 

. M. H. Lupe (Thoma & Gould Sales Co.). 

U. S. 2,273,651, Feb. 17, 1942 (Sept. 26, 1940). E. B. 

Nowosre.ski (Edison-Splitdorf Corp.). U. S. 2,270,765, 
Jan. 20, 1942 (July 18, 1940). 

S E. B. Nowosrevski (Bendix Aviation 


Corp. ). . 401,762, Dec. 30, 1941 (Aug. 25, 1939; in 

U. S. Oct. 7, 1938). G.M.H. 
Spark insulator. F. H. Rippie anp L. G. Tarr 

(Champion Co.). Feb. 3, 


PI 

1942 (March 10, 1938).—A ceramic bath for producing 
electric insulating material, the major portion of which 
consists of alumina and mineralizing material for the 
alumina, the mineralizing material consisting of alkaline- 
earth metal compounds, compounds of zircon, and boric 
acid, the zircon constituting about one fifth of the mineral- 
izing material and the boric acid constituting about one 
tenth of the mineralizing material, and the mineralizing 
material being about one ninth as much as the alumina. 
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Combating corrosion through ar research. 
H. J. Bartietr. Chem. Indus’ es, 47 [2] 154-55 
(1940).—Various noncorroding metals and alloys are de- 
scribed, and their use in specific processes is — 

Construction of a high-temperature furnace. J. HIves. 
Fuel, 20, 137 (1941); Trans. Brit. Ceram. Soc., 40 [10] 
104A (1941).—A laboratory furnace in which a tempera- 
ture of at least 1400°C. can be attained quickly and main- 
tained with a low current consumption is described. 
Globars are used in an internal space 4 in. square, sur- 
rounded by a 1'/;-in. thickness of high-temperature in- 
sulating firebrick and a 2-in. thickness of diatomaceous in- 
sulating brick, the casing being of Sindanyo board 5/1 in. 
thick, mounted in angle iron. The cross section of the fur- 
nace is 12 x 12 in. 

on tion of object thickness in electron micros- 

. L. Marton L. I. Scmirr. Jour. Applied 

PI ysics, 12 759-65 (1941).—Thicknesses of electron 

microscope objects may be determined from the diminu- 

tion in intensity of the electron beam caused by the = 
P 


ent and present status of fine-ceramic ma- 
chinery: I-V. W. Scuiecer. Keram. Rundschau, 48 
[39] 319-22; [42] 344-46; [44] 362-65; [49] 412-16 
(1940).—S. presents an exhaustive survey of manual and 
automatic machinery for all branches of the ceramic in- 
dustry in both Europe and the U.S. For the preparation 
of dense masses, vacuum presses are better than kneading 
machines because they guarantee a dense mass free of 
air, continuous operation, and consequently less labor cost 
with high production and because the mass is in the most 
convenient form for further working operations (round or 
profiled). Numerous machines are illustrated, and their 
functions are described. See “Tasks... ,”’ Ceram. Abs., 


Deve 


20 [9] 222 (1941). M.H 


Fine grinding of minerals. F.B.Suay. Foote-Prints, 
14 [2] 1-9 (1941).—New fields for research lie in the produc- 
tion of minus ten-micron sizes. Pigments inérease in hid- 
ing power, fillers add more strength, cements are quicker 
setting and less porous, porcelain and glass are improved, 
and chemical reactions are speeded up as the average par- 
ticle diameter approaches the lower end of the micron 
scale. Graphs illustrate improved performances with 
finer particle sizes. Besides size reduction, production of 
fine materials involves separation or classification, control 
measurements, and problems in packaging and shipment. 

A.P. 


Important points in design and operation of sandbl 
apparatus. ANON. Giessereipraxis, 61 [17] 221-26; [18 
233-35 (1946).—The dynamic principles of sandblasting, 
the air requirements, and the energy of the air-sand mix- 
ture are explained, and the different types of machinery 
for use with sand and, more recently, with steel grit are 
described in detail. M.H. 

ting large factory areas with fluorescent lamps. 
J. Taytor. Illuminating Eng., 36 [10] 1414-61 
(1941).—National defense has brought about the greatest 
expansion in industrial history. Many of the new build- 
ings are unusually large in size. Studies of building de- 
sign and plant operation have brought the advantages of 
good lighting to the attention of ent; “average- 
in-service” illuminations of 30 to 50 foot-candles are the 
order of the day. In an appendix, T. discusses instruments 
for measuring illumination in large areas. H.K.R. 

Making conveyer ent last longer. N.L. FLEcK. 
Better Ipienlien 12 6-7 (1941).—With proper lubri- 
cation, the life of roth a equipment may be prolonged 
considerably and less power is required for mes 

B.C.R. 

Practical a tion of heat and humidity automatic 

controls to H. R. Roprnson. Jour. Can. Ceram. 


nonporous, sintered mass showing upon chemical analysis 

a content of approximately 85 to 99% aluminum oxide, 

0.67 to 10% zirconium oxide, and 0.33 to 5% silicon diox- 

ide, the material being substantially free from zircon. 

1937).—An insulating body consisting of brucite with 

its natural the | 
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Soc., 10, 39-43 (1941).—In drying ceramic ware to avoid 
fissures in the surface, the forces within and around the 
ceramic body must be fairlv well balanced until all the 
water in the body has been heated to the proper tempera- 
ture at which vapor should leave the ware. By the appli- 
cation of certain controls to. existing driers, the proper 
procedure of drying can be efiected. The addition of con- 
trol equipment to a continuous drier has the effect of 
adding 50% to the length of the tunnels. The cost of the 
control system would be less than one third of the invesi- 
ment charge required for the additional length of drier and 
the additional cars. J.G.P. 
Preliminary report on development of a 300-kv. mag- 
netic electron microscope. V.K. Zworykin, J. Hirer, 
A. W. Vance. Jour. Applied Physics, 12 738-42 
(1941).—Previous microscepes using accelerating poten- 
tials of 30 to 100 kv. do not penetrate more than one half 
micron. A commercial electron microscope was stepped 
up to 300 kv. Increased penetrating power becomtes use- 
ful above 150 kv., but no other advantages appeared. 
A.P 


Pro es of heat-insulating materials. E. A. ALLcuT. 
Eng. Jour., 24 [11] 514-20 (1941).—A. discusses the char- 
acter of heat-insulating materials, the difficulties in deter- 
mining their relative value experimentally, and the effect 
of air spaces and surface resistance. See “Heat... ,” 
Ceram. Abs., 19 [4] 102 (1940). Microscopic mensuration 
and examination of fibrous materials. D. H. Hamty. 
Ibid., pp. 520-24. B.C.R. 

explosives underground. E. D. 
McNett, Jr. Explosives Engr., 19 [12] 355-57 (1941).— 
MeN. discusses safety in the handling and storing of ex- 
plosives under the following headings: (1) loading and un- 
loading trucks, (2) central fuse capping, (3) preparing the 
charge, (4) proper loading procedure, and (5) precautions 
in electric firing. With these essentials of safe blasting 
procedure well in mind, the average operator should be 
able to reduce greatly the hazards which naturally attend 
the handling of explosives. G.A.K. 

Temperature measurement in industrial furnaces. 
Orro Koritnic. Emailwaren-Ind., 17 [11-12] 34-36 
(1940).—Accurate measurement of the average tempera- 
ture of the heating gases in the furnace is of the greatest 
importance in furnace control. Types of measuring in- 
struments are discussed with regara to their use, form, and 
position. Thermometers of special glass can be used only 
up to about 700°C.; the immersion shaft is usually of brass 
for temperatures up to 200°C. and of steel for higher tem- 
peratures. The mercury-spring thermometer comprises 
an immersion shaft, a tube spring, and a connecting capil- 
lary tube, all containing mercury. Changes in tempera- 
ture produce changes in the volume of the mercury, which 
exerts pressure on the spring. The movement of the spring 
is shown by the indicator or recorder attached to it. This 
kind of thermometer must be carefully protected from 
steam, gases, shock, and radiating heat. The thermometers 
may be located at a distance of up to 50 m. from the im- 
mersion shaft, providing there are no sharp bends in the 
capillary tube and it is well insulated by cork or kiesel- 
guhr. To compensate or equalize temperature variations 
for systems longer than 12 m., a capillary wire device is 
run parallel to the first system in a secondary measuring 
system. Electric instruments for measuring temperature 
have no temperature limits; they can be used from ab- 
solute zero (— 273°C.) up to sun heat (about 6000°C.). The 
electric thermometer can be placed at any distance from 
the point of measurement and is connected only by a 
thin wire; the temperatures at different points can be 
watched simultaneously at a switchboard or recorded. 
The temperature interval to be measured determines the 
type of electric thermometer to be used. Electric resist- 
ance thermometers for the lowest temperatures up to 500° 
employ the effect of the temperature on the conductivity 
of a certain metal as the measuring principi. Ther- 
moelectric pyrometers are suitable for temperatures be- 
tween 300° and 1600°; when exposed to heat, a thermo- 
element provided with an armature and made of two differ- 
ent conductors produces a temperature proportional to 
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the strength of the electric current generated, which 
moves an indicator on a dial. This method may also be 
used for low temperatures. The radiation pyrometer is 
used for the highest temperatures, where the thermoele- 
ment cannot be used; the measurement of the electric 
resistance is employed, and only that part of the thermo- 
element which is sensitive to heat is subjected to radiation 
from the object to be measured. The form of the apparatus 
containing the thermometer or thermoelements depends on 
the form of the object or chamber to be measured, and the 
instruments must be mechanically and chemically resist- 
ant. The measuring body of the resistance thermometer 
for the lowest temperatures up to 500°C. is composed of a 
resistance coil wound on a porcelain cylinder protected by 
a steel, copper, or porcelain tube of the required shape 
and an indicator galvanometer and storage battery. Ap- 
pliances for measuring temperatures at more than one 
point and recorders may be attached. Every resistance 
thermometer setup is composed of (1) a thermometer, 
(2) a control station, (3) batteries, and (4) conducting 
circuits. Carbon and nickel elements are used for meas- 
uring teraperatures up to 1300°. The pyrometer is based on 
the phenomenon of thermoelectricity, i.e., a weak electric 
current is generated when two wires of different kinds of 
metals welded together are heated at the point of welding. 
The strength of the current depends on the temperature 
differences between the welded place and the free end, 
which is kept at a constant temperature (about 20°C., 
set by the Imperial Institute), and the current strength 
is determined for a series of temperatures. A galvanom- 
eter is attached to the cold end of the wire. The heating 
power of different pairs of metals varies, and slight im- 
purities in the metals affect the values. Pyrometers with 
one wire of pure platinum and one of pure platinum and 
10% pure rhodium can be used up to 1600°. A table 
shows at what temperatures other kinds of metals can 
be used and the electromotive power in millivolts gener- 
ated at these temperatures. The setup for pyrometers 
comprises a thermoelectric element, a protective mounting, 
a galvanometer, and copper wiring. The life and the ac- 
curacy of measuring instruments are conditioned by the 
protective covering, which may be steel, iron, nickel, 
chrome-nickel, quartz, “marquardt masses,’’ porcelain, 
grog, graphite, or Silit; the last two may form reducing 
gases harmful to the element wires and should be used 
only as an outer covering for the quartz or other tube. 
See “Device ... Ceram. Abs., 20 [7] 174 
Cc 


Use of the photronic cell and spectrophotometer for 


measuring translucency of whiteware. FRANK C 
Arrance. Jour. Amer. Ceram. Soc., 25 [4] 116-22 
(1942).—3 references, 9 figures. 

Viscosity of and solutions. E. W. J. 


Marpies. Nature, 148 [3751] 345 (1941).—M. points 
out that the ratio 9/mo, where is the viscosity of a sus- 
pension of finely divided solid particles in a liquid of vis- 
cosity mo, is variable, 9. being smaller for liquids of lower 
viscosity. The explanation is that, during flow, the solid 
particles become oriented more quickly in a thinner liquid 
and so cause less eddying by lying less across the stream 
of flow. Curves are given for sodium chloride, aluminum 
chloride, potassium oleate, tannic acid, kaolin, and mica 
dispersed in binary mixtures of water and alcohol. As 
stated, the ratio 7/ increases with increase in 0. 


J.L.G. 
Welding ces in chemical industry. H. D. Lan- 
TERMAN. hem. Industries, 47 [1] 42-45 (1940).—Modern 


methods of- oxyacetylene welding for the installation and 
relocation of piping in chemical plants are ey 5 
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Permissible Biasting Units. L. C. Irstey anp A. B 
Hooker. U. S. Bur. Mines Repts. Investigations, No. 


3591, 14 pp. Free.—The report includes test requirements 
and procedure for permissible blasting units. Brief descrip- 
tions and tabulated details of 17 single-shot and 2 ten- 


4 
? 
j 


88 Ceramic Abstracts 


shot units, which comprise the present ares equip- 
ment of this type, are given. R.A.H. 


PATENTS 


(Webster sand, etc. J. E. McCLoup 
AND ALBERT WILLIAMS ine.). U. S. 2,270,- 
1939). 


954, Jan. 27, 1942 (Dec. 26 
Apparatus for separa’ g granular materials. W. E. 
Smirn. U. S. 2,272,649, Feb. 10, 1942 (July 31, 1940). 


machine. J. E. Dick. U. S. 
July 29, 1¢39). 


Crushing and grin 
2,272,908, Feb. 10, 1942 


Vol. 21, No. 4 

Gas analyzer. CLARENCE JOHNSON (Bailey Meter Co.). 

Can. 401,614, Dec. 23, 1941 (Sept. 20, 1939; in U. S. 
Oct. 12, 1938). G.M.H. 


Mineral-separating a tus. J. B. Coureng. U. S. 
2,272,365, Feb. 10, 1942 (April 17, 1939). 

Mounting and operating mechanism for mud guns. E. E. 
Brostius. U.S. 2,270,256, Jan. 20, 1942 (April 9, 1940). 

Pin for ceramic ware. A. L. SCHREIBER. 
U. S. 2,273,475, Feb. 17, 1942 (Aug. 4, 1940). 

Pottery-topping machine. W. J. MILLER AND L. P. 
Reese. U.S. 2,272,422, Feb. 10, 1942 (Oct. 7, 1940). 


Kilns, Furnaces, Fuels, and Combustion 


Fuel economy in the firing of intermittent kilns. W. 
Nose, E. Rowpen, AND A. T. Green. Bull. Brit. 
Refrac. Research Assn., No. 55 (Aug., 1940); reprinted in 
Trans. Brit. Ceram. Soc., 40 [10] 388-413 (1941).—Simple 
methods whereby economies in fuel consumption may be 
realized in the firing of interinittent kilns in the heavy-clay 
industries are emphasized. The importance of thermal in- 
sulation and correct kiln and grate design is indicated. As 
the maintenanceof efficient firing conditions depends largely 
on the fireman’s intelligent use of the fuel, the properties 
of kiln coals and the process of combustion in the fire- 
mouth are discussed in detail, together with the air re- 
quirements at different stages of the firing schedule, the 
various factors which influence the draft on the kiln, and 
the importance of draft control. By obtaining precise data 
regarding the thermal requirements of the ware and by 
using simple control apparatus, standardized firing sched- 
ules approximating more closely the maximum safe rates 
of firing can be more generally adopted and appreciably 
higher firing efficiencies can be obtained. R.A.H. 

uel investigations of the Research Council of Alberta 
(1919-1940). W.A.Lanoc. Trans. Can. Inst. Mining & 
Met., 46, 27-44 (1942).—The history and the methods of 
the Research Council are described. G.M.H. 

Perfect firing of fine chinaware achieved in ~adiant- 
heat kiln. Freperick O. Hfss AND Brown. 
Presented at meeting of American Ceramic Society, Balti- 
more, March-April, 1941, and Industrial Commercial 
Gas Section, American Gas Assn.; Ceram. Ind., 36 [6] 55, 
58-59 (1941).—A gas-fired circular kiln direct-fired by 
radiant gas burners is described. The kiln has been in- 
stalled at the plant of Lenox, Inc., Trenton, N. J., and is 
used for firing bisque ware to cone 7. It can be used up 
to cone 18. The mean diameter of the kiln is 40 ft.; the 
loading height of each car is 36 in., and the width is 30 
in. The kiln is heated with 525-B.t.u. manufactured gas 
fired in radiant burners. Only 87 of the 104 burners in- 
stalled are needed for actual operation. Only one fuel 


supply line is used; this carries the air-gas mixture from 
the mixing machine to each burner. As the kiln is direct- 
fired in the combustion chamber and no brick checkerwork 
is used, heat is provided by convection, radiation, and 
conduction, which allows rapid changes in firing tem- 
peratures if desired. A comparison of the fuel cost of gas 
and oil is given; gas firing compares favorably with pre- 
vious oil firing in periodic kilns. Since the starting of the 
kiln, not one single piece has been rejected for firing de- 
fects. H.T. 

Sensitive flames: III. H. Zickenprant. Helv. Phys. 
Acta, 14 [3] 195-214 (1941) (in German); Science Abs., 
44 [528] Abs. No. 2693 (1941).—After summarizing the 
known facts regarding the hydrodynamic processes in sen- 
sitive flames, Z. considers the flames as amplifiers of mo- 
tion. The motions in long sensitive flames are photo- 
graphed by means of a stroboscope and a synchronous 
light siren. The contraction of the flame, which indicates 
the incidence of the sound, can be explained as the effect 
of Bjerknes forces, an attractive force between vortex 
centers and the combustion processes in the flame. Z 
describes an electric method of flame excitation which 
supports his explanation of the phenomena. 


SEPARATE PUBLICATION 


Proceedings of the Ninth Pennsylvania Mineral Indus- 
tries Conference, Petroleum and Natural Gas Section 
(1940): I, Recent magnetic and electrical geophysical in- 
vestigations on the surface and in drill holes in regions 
containing is gas, oil, and other minerals and the correlation 
of the results of the investigations. LacHLAN GILcnRIST. 
II, Special and in the refining industry. M. B. 
Currtickx. III, Su ace studies in cou.sction with deep 
oil and gas exploration in Pennsylvania. CHARLES R. 
FETTKE with discussion by R. E. SHerrit_. IV, Retro- 

de condensation and distillate wells. F. W. Laverty. 

enna. State Coll. Mineral Ind. Expt. Sta. Buill., No. 30, 
64 pp. (1940). Price 5SO¢. V.D.F 
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Aluminum and bauxite. C.L. MANTELL. Mineral Ind., 
49, 7-29 (1940).—Statistics on the world production of 
aluminum and bauxite in 1940 and the production capacity 
for each of the producing countries are given. Several 
substitutes for bauxite are being used, viz., leucite in 
Italy and labradorite in Norway. B.C.R. 

Bauxite. ANON. Asiatic Rev., April, 1941; Trans. 
Brit. Ceram. Soc., 40 [7] 61A (1941).—The existence of 
bauxite in Malaya has become known only in recent years; 
almost all the known deposits lie in Johore, where they were 
discovered and are mainly worked by Japanese enterprise. 
From an initial 36 tons in 1936 the exports have risen 
rapidly to 84,387 tons in 1939, all of this going to Japan. 
British interests are also prospecting for bauxite in Malaya. 
The full extent of the Malayan deposits is not yet known. 
They may be considerable in view of the large deposits of 
this ore that have been. proved in the neighboring island 
of Bintan in the Dutch East Indies, whence, before the 
present war, large quantities of bauxite were being ex- 
ported annually by a Dutch company to both Japan 
and Germany. 


Bentonite, feldspar, kyanite, monazite, nepheline-sye- 
nite, quartz crystals, and vermiculite. ANon. Mineral 
Ind., 49, 663-75 (1940).—Production and prices of domes- 
tic products and imports are given for 1940 and previous 
years. B.C.R. 

Borax. R. M. Curts. Chem. Industries, 47 [4] 366- 
73 (1940).—A survey of the borax industry is presented. 
Borax is used for (1) its strong fluxing ability, (2) its mild 
antiseptic properties, and (3) its mild alkaline nature which 
makes it effective as a buffer. The ceramic industry is 
the most important consumer, half the production being 
used in making vitreous enamels (porcelain), glasses, and 
glazes. In grain or powdered form, boron carbide is the 
hardest manufactured abrasive known, being second only 
to diamond in hardness and considerably harder than 
silicon carbide. Borax is used in the production of nonfer- 
rous alloys, particularly copper and nickel. The borax 
deposits in California and Nevada supply almost the en- 
tire world requirements. See Ceram. Abs., 19 [2] 42 
(1940). E.D.M. 
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um. W. F. Brazeau. Mineral Ind., 49, 65- 


Chromi 
84 (1940).—Reserve supplies, product’on, and qua‘ity of 
chrome ore throughout the world are discussed in rei -tion 
to its use for chemical, metallurgical, and refractory pur- 
B.C.R. 


Correct use of raw materials. Hans LeMANN. Sprech- 
saal, 74 [1] 2—4 (1941).—Clays are often found with a low 
aluminum content or with an unsatisfactory color after 
firing. Such clays can be made suitable by mixing, or the 
color may be improved by adding finely divided quartz. 
Kaolin containing quartz may be used for this purpose. 
The purification of crude kaolin eliminates part of the 
raw material of ceramic value. This material, on accourt 
of its comparatively low value, is often referred to as waste 
sand, but laboratory and practical tests have shown that 
it is a satisfactory substitute for quartz and that it has 
exceptionally favorable transformation characteristics 
compared with those of quartz sand. The increase in plas- 
ticity and green strength obtained by the addition of ben- 
tonite was tested and confirmed. Quartz-feldspar mixtures 
prepared from granite and syenite are a suitable source of 
feldspar for fine-ceramic bodies. W.H.H. 

Determination of surface area by air- eability 
method. S. L. Meyers. Rock Products, 44 [12] 56-59 
(1941).—Surface areas of powder were measured, using 
the Lea and Nurse method as modified by Blaine. Equiva- 
lent results were obtained with air and with oxygen; hy- 
drogen gave appreciably lower results, and natural gas 
gave higher results. Variations in humidity had no effect. 
Hig: results were obtained on aged cement clinker. 

B.C.R. 

Diatomite. V.L. Mineral Ind., 49, 
203-207 (1940).—The domestic and foreign production of 
diatomite is given. B.C.R. 

Economic minerals in the Philippines. ANon. Bull. 
Imperial Inst., 39, 181 (1941); Trans. Brit. Ceram. Soc., 40 
[9] 90A (1941).—Although some of the chromite deposits 
of the Philippines are comparatively low-grade, they are 
important in view of the large reserves available. These 
deposits, together with others of higher-grade ore, are also 
significant because they are the principal source of supply 
of this mineral under American control. The U. S. took 
86% of the 1935-1938 chromite output. 

Eruptivity and mountain building. Bamey WILLIS AND 
Rosin Wits. Bull. Geol. Soc. Amer., 52 [10] 1643-84 
(1941).—Radioactive energy slowly produces molten 
masses in the body of the earth. The growth of a molten 
mass produces uplift with a consequent unbalanced load 
that tends to cau.e lateral creep. Heat from the molten 
mass expands the cover and reduces the strength of the 
rocks. Creep becomes plastic flow by intimate, low-angle 
shearing, with displacements on the structure planes of 
crystal lattices whereby atoms “jump” into new posi- 
tions. This elongation of crystals causes the crystalline 
rock mass to expand. The resultant powerful thrust 
causes the opposing rock mass to shear at or near the top 
of the molten body. The magma, under relatively great 
hydrostatic pressure, is forced into the major shear and 
lubricates it. Dynamic elongation of the cover and the 
lifting power of the magma combine to thrust the segment 
forward and upward; hence, it appears at the surface as 
a@ mountain uplift, characterized by sheared and folded 
rocks and associated intrusive rocks. A chart and ac- 
companying table show the ages of rocks from various 
parts of the globe. The oldest rock listed, from Manitoba, 
may be approximately 1,900,000,000 years old. A.C.B. 

Flotation concentration of oxidized minerals and salts. 
D. D. Howat. Mine & rry Eng., 6, 93 (1941); Trans. 
Brit. Ceram. Soc., 40 [7] 61A (1941).—The flotation 
methods used for concentrating phosphate rock and 
manganese ores are fully discussed, and the concentration 
of talc is dealt with. Talc has been classified as one of the 
“natural floaters,” but its separation from tremolite, cal- 
cite, and magnesite is not simple. Pine oil has proved 
Satisfactory for the flotation of normal tale ores, but 
amine-type reagents are required for the fibrous variety. 
Calcite tends to float with the tale unless soda ash or so- 
dium silicate is added to act as depressor. 
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Fluorspar. Anon. Mineral Ind., 49, 209-14 (1940).— 
Data on the production, prices, consumption, trade, and 
stocks of fluorspar are given. B.C.R. 

Froth flotation of oxidized minerals and salts. D. D. 
Howat. Mine & Quarry Eng., 6, 215 (1941); Trans. 
Brit. Ceram. Soc., 40 [10] 99A (1941).—After a general 
discussion of the conditioning of particle surfaces for 
flotation, examples of the process are given. These include 
the purification of diatomite, barite, hematite, feldspars, 
magnesite, spodumene, and 

Heat-of-wetting values of unfired and fired clays. C. W. 
PARMELEE AND V. D. Frécuette. Jour. Amer. Ceram. 
Soc., 25 [4] 108-12 (1942).—13 references. 

Japanese diatomaceous earths and their industrial ap- 
, lication: II-VI. Trarro Kawasma Yorra SIRAKI. 
Jour. Japan. Ceram. Assn., 49 |578] 77; [579] 155-62; 
[580] 209-22; [581] 281-85; [582] 350-58 (1941); Trans. 
Brit. Ceram. Soc., 40 [5] 39A; [8] 77A; [10] 99A; [11] 
111A (1941).—(II) Diatoms are classified according to 
their origin (fresh-water and salt-water). The appearance 
of diatomite deposits is influenced by the conditions under 
which sedimentation occurred, viz., marine, lacustrine, 
and estuarine. The importance of the nature and amount 
of the impurities and the species of diatom present in de- 
termining the suitability of a deposit for industrial use is 
emphasized. Measurements of the thermal expansion 
showed that, on firing to a temperature above 1000°C., 
part of the amorphous silica is converted into cristobalite 
and tridymite. In higher-grade diatomite, conversion 
begins at 1100°C., but in low-grade diatomite, it may 
begin at a temperature as low as 1000°C., owing to the 
mineralizing action of the fluxes. (III) Diatomaceous 
earth is composed of a variety of frustules of diatoms, 
broken or whole, and impurities such as clay and, to a 
lesser degree, sand, iron compounds, alkaline-earth com- 
pounds, alkalis, volcanic ash, organic matter, and sulfur. 
Little information has hitherto been published relative to 
the organic matter and sulfur, but these constitute a high 
proportion of the deposit in the grayish-green layer. It is 
assumed that this layer originated from the decomposition 
of organic matter and colloidal clay; the layer was sub- 
sequently consolidated by the weight of the overlying strata 
and by the cementing action of alkaline solutions. These 
facts are correlated with the diatom theory of the origin of 
petroleum. (IV) The geographical distribution and the 
characteristics of Japanese diatomites are dealt with. 
There are more than eighty deposits in Japan, sixty-eight 
of which were examined by the authors. Tertiary de- 
posits that occur as compact, massive beds are located 
chiefly in Hokkaido and in districts on the coast of the 
Sea of Japan. These deposits are of the marine type and 
are usually contaminated by impurities such as clay, or- 
ganic matter, and volcanic ash. Quaternary deposits 
occur as comparatively thin stratified layers. The species 
of diatom characteristic of the Japanese deposits are listed. 
(V) The distribution and the physical and chemical proper- 
ties of the diatomites of the world are described. The 
chief European deposit is said to be that near Liineburg 
in the province of Hannover, Germany; 80% of Ger- 
many’s diatomite is derived from this source. The beds 
are stratified into three zones, white, gray, and brownish 
green, the color depending on the amount of organic 
matter present. The greenish diatomite is usually at the 
base of the deposit; it is generally slaty and almost im- 
pervious. The extensive occurrence of diatomite in Cali- 
fornia is described. At Lompoc, the beds are 700 ft. thick 
and cover an area of 6 sq. miles. Other American de- 
posits are located in Nevada, New Hampshire, Oregon, 
Washington, Connecticut, Maryland, New York, Virginia, 
and Florida. ‘The largest Canadian deposit is in the dis- 
trict of Quesnal, British Columbia, where a bed 60 ft. thick 
has been found. (VI) Details are reported of a survey of 
several diatomite deposits in Karafuto and Hokkaido. 
The deposits in Karafuto occur only in the southern 
region, along the Rutako, Taranai, Amaryo, and Suzuya 
rivers. The chief deposit on the Rutako River underlies 
a thin band of an average thickness of 70 cm ; the strati- 
fication differs from that of any other tertiary deposit in 
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Hokkaido. Observations suggest that the Karafuto de- 
posit may have been laid down in fresh water or brackish 
water during the Quaternary period. More than a dozen 
diatomite deposits have been located in Hokkaido. The 
Quaternary deposits in Hiraoka, Kimobetsu, Abuta dis- 
trict, are situated 25 km. northeast of the city of Kutchan 
and occur in small shallow beds about 60 cm. thick; the 
overburden averages 1m. The diatomite of this area con- 
tains 90% soluble silica; the species are wholly of the 
fresh-water type. The Tertiary deposits differ from these 
Quaternary deposits in that they occur as solid, compact, 

massive beds and are contaminated by clay and organic 
matter. For Part I see Ceram. Abs., 20 [5] 126 (1941). 
Magnesite. Samuet H. Mineral Ind., 49, 
(1940).—Production, price, and trade data are 

given. B.C.R. 
Methods of e clays and clay minerals: Radiog- 
raphy and differential thermal analysis. ANon. Rev. 
iaux Construction Trav. Publiques, No. 362, pp. 116- 
18B; No. 363, pp. 125-28B (1939); abstracted in Chem. 
Zentr., 1941, I, 755.—X-ray, thermal, and optical methods 

of examining clays and clay minerals are described. 


M.V.C. 
Ore minerals in ordinary tic rock. Paut Ram- 
ponrR. Abhandl. preuss. Akad. Wiss., Physik.-Math., No. 
2, pp. 2-43 (1940); abstracted in Chem. Zentr., 1941, I, 
503-504.—The distribution, form, relative age, disinte- 
gration, and metamorphosis phenomenon of ore minerals 
occurring in magmatic rock are described. The following 
ores are discussed: magnetite, ilmenite, magnetic pyrites, 
copper pyrites, ite, chromite, spinel, pentlandite, 
molybdenite, graphite, bornite, valeriite, sphalerite, cuban- 
rutile, linnaeite, niccolite, hematite, chalcopyrite, and 
ites. The distribution of the ores through 
ryan types of igneous and effusive rock, the structure of the 
ore mine,. hype geochemical studies, and the deposits are 
Illustrated. M.V.C. 
Potash, alumina, and phosphate from leucites and phos- 
—s >. DE VARDA. Atti X° Congr. Intern. Chim., 
938, 4, 24-29; abstracted in Chem. Zentr., 1941, 
I, 421; see “Recovery . . »” Ceram. Abs., ft 3) 121 
( 1938). V.C. 
Silica sand in Saskatchewan. ANon. Can Mining & 
Met. Bull., No. 357, p. 28 (1942).—The Saskatchewan 
Government Department of Natural Resources has,re- 
cently issued a preliminary report on two deposits of silica 
sand which appears to be of plate-glass grade. They are 
located 10 miles from Armite. G.M.H. 
Structural of igneous rocks. G. F. LouGHLin. 
Econ. Geol., 36 [7] 671-97 (1941).—L. gives a general 
review of igneous activity and mineral deposition. The 
processes of mineralization and igneous intrusion are con- 
sidered under three groups: (1) deposits associated with 
ferromagnesian rocks intruded before or during the early 
stage of regional compression, (2) deposits associated with 
granitic rocks intruded during or soon after the closing 
stages of major compression, and (3) deposits associated 
with igneous rocks intruded during the long period of hag 
lift ane See of maximum compression. B.C.R 
Turkish te. Anon. S. African Mining & Eng. 
oars 51, 515 (1941); Trans. Brit. Ceram. Soc., 40 [7] 
62A (1941). —The production of chrome ore in Turkey 
from 3400 tons in 1924 to 208,405 tons in 1938. 
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The increase was largely =, to the opening up of the 
Geeleman Mines (Ergani Maden), which are said to be 
the most extensive deposits in ~~ world. Production at 
these mines began in 1937; the ore averages 50% Cr,0; 
and 14% FeO. 


SEPARATE PUBLICATIONS 


Annual Report of M Division, Fiscal Year 1941. 
CHarves F. Jacxson. U.S. Bur. Mines Repts. Investiga- 
tions, No. 3596, 47 pp. Free.—The annual report of work 
initiated and completed by the Division includes the fol- 
lowing sections: strategic minerals examination; strategic 
mineral projects; special investigations; metal-mining 
methods; mineral industry survey; metal-mining re- 
search; nonmetal mining; coal-mining; and electrical 
and mechanical mine ventilation. R.A.H, 

Bauxite Resources of the United States. J. R. THOENEN 
AND Ernest F. Burcuarp. U. S. Bur. Mines Repts. 
Investigations, No. 3598, 42 pp.—Domestic bauxite de- 
posits are described in detail by regions and states. Mining 
methods, reserves, and economic aspects are discussed, 
and a chapter on geology is included. The results repre- 
oe Rai work by the Geological Survey and raed of 

R 

Marketing Feldspar. Ropert W. Mercatr. U. S. 
Bur. Mines Information Circ., No. 7184, 13 pp.—M. de- 
scribes the ies, occurrence, and market grades of 
feldspar. The localities where it is produced and milling 
centers are given as well as the producers of crude feldspar, 
merchant grinders, and buyers. R.A.H. 

Occurrences and Uses of Dolomite in the United States. 
Surecey F. Cotsy. U.S. Bur. Mines Information Circ., 
No. 7192, 21 pp. Free.—C. defines dolomite and related 
rocks and describes their properties and uses. Dolomite is 
now important as a source of magnesium and for furnace 
linings. It is used in the manufacture of lime, pipe cover- 
ings. and as a furnace flux. R.A.H. 

eport of Nonmetals Division, Fiscal Year 1941. OLiver 
C. Ratston aNp A. Grorce Stern. U. S. Bur. Mines 
Repts. Investigations, No. 3599, 33 pp. Free.—The progress 
of electrochemical research, studies of intercrystalline 
cracking of boiler steels, coal investigations, optical studies, 
research on mineral dressing and beneficiation, and studies 
on the utilization of minerals are reported. R.A.H. 

Saline and Hydromagnesite Deposits of British Colum- 
bia. J. M. Cummincs. Brit. Columbia Dept. Mines 
Bull., No. 4, 160 pp. (1940). Free.—cC. gives a geological 
report of the deposits of hydromagnesite in British <o 
lumbia and discusses them under the following headings: 
(1) mining and transportation, (2) mineralogy, (3) micro- 
scopic examination, (4) chemical examination, (5) origin 
of deposits, and (6) beneficiation. He also discusses the 
technology and uses of magnesite, hydromagnesite, and 
other magnesium compounds as follows: (1) commercial 
possibilities, (2) refractories, (3) production and markets 
in Canada and the U. S., (4) dead-burned magnesite, (5) 
chromite, (6) brick, (7) refractory possibilities of hydro- 
magnesite, (8) cements and insulating materials, (9) 
caustic magnesite, (10) production and markets, (11) 
oxychloride cement, (12) possibilities for the manufacture 
of plastic magnesia from hydromagnesite, (13) basic 
magnesium carbonate, (14) metallic magnesium, and 
(15) chemical and other uses. G.A.K. 


Chemistry and Physics 


Behavior of fluorides of sodium and aluminum and of 
cryolite d melting. K. P. BatasHev. Sbornik 
Leningrad. Ind. Inst., 1939, No. 1, Sect. Met., No. 1, pp. 
40-48; abstracted in Chem. Zenir., 1941, I, 502.—The 
systems Na;AIFs-Na,O and Na;AIF;-NaAlO, were ex- 
amined by thermal analysis. The melting test was made 
between 1000° and 1050°. A change in the composition 
and a definite volatility of the NaF were noted during 
melting in air. When cryolite is melted in air, a frac- 
tionated evaporation of the AIF; occurs together with re- 
placement of F by O. When AIF; evaporates in the pres- 


ence of air moisture, a-alumina and HF are formed. The 
examination of fused mixtures of cryolite with Na,O and 
NaAlO, showed that these admixtures are well dissolved in 
the melted cryolite. M.V.C. 
Density of fused salts of the systems KF-NafF, K,AIF.- 
Na;AIF,, and (K,AIF, + G. A 
Apramov. Sbornik Leningrad. Ind. Inst., 1939, No. 1 
Sect. Met., No. 1, pp. 49-59; abstracted in Chem. Zentr., 
1941, I, 502.—An examination of the density of fused 
salts of the system KF-NaF showed that it has a linear 
dependence on the temperature. The molecular volume 
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of mixtures of these salts obeys the law of additivity. 
The density of fused salts of the system K,AIF,—-Na,AlF; 
also possesses a linear temperature dependence, but the 
motecular volumes showed a slight deviation from the 
law of additivity. Empirical equations for calculating 
the molecular volumes are given. The molecular volumes 
of salts of the system K,AIF,—Na;,AlF,-BaF; corresponded 
weil with the law of additivity. M.V.C. 
Density of fused salts of the ternary systems NaF-AIF,— 
CaF, and NaF-AiF,-BaF,. G. A. ApRaMov AND P. A. 
Kosunov. Sbornik Leningrad. Ind. Inst., 1939, No. 1, 
Sect. Met., No. 1, pp. 60-73; abstracted in Chem. Zentr., 
1941, I, 502.—_Mixtures of NaF and AIF; possess a maxi- 
mum density with a composition corresponding to that 
of cryolite. The maximum density is displaced in the 
direction of the NaF and becomes greater as the tempera- 
ture increases. Cryolite dissociates iuto Na ions and a 
complex ion containing Al. The complex ion dissociates 
into simple ions, particularly with rising temperature. 
The density of the two ternary systems NaF-—AIF;-CaF;, 
and NaF-AIF,-BaF; is augmented with an increase in the 
CaF, or BaF; content. The molecular volumes of mix- 
tures of MaF and cryolite with CaF, or BaF; obey the law 
of additivity. M.V.C. 
Determination of aluminum with o-hydroxyquinolin 
the of iron and phosphoric acid. G. Baa- 
NESCU AND M. D. Morzoc. Z. Anal. Chem., 118 [1-2] 
18-26 (1940).—Al can be separated from the Fe if a defi- 
nite amount of phosphate is present. For accurate de- 
termination of Al, the amount of Fe should be twice the 
amount of P,Os. R.L.G. 
Determination of carbonate: I. F.Ricuter. Z. Anal. 
Chem., 119 [3-4] 109-18 (1940).—A new titration method 
and the apparatus for the determination of CO, in such 
minerals as carbonates, talc, asbestos, and iron and man- 
ganese ores are described. The following advantages over 
the gravimetric method are claimed: (1) greater accu- 
racy, (2) small investment in apparatus and simple tech- 
nique, and (3) short time required. II. Jbid., (9-10) 
335-51..—R. describes a revised apparatus for determining 
CO, in substances which give off other gases on treatment 
with dilute H,SO,. The titration of the NaOH solution 
used to absorb the CO, was modified to give greater ac- 
curacy. For CO, contents less than 10%, a gravimetric 
procedure was developed. R.L.G. 
Determination of F in cryolite by the method of A. 
Greeff. H. Spretnaczex. Z. Anal. Chem., 118 [5-6] 
161-64 (1940).—In the titration of NaF with FeCl, 
solution, the presence of excess silica leads to values of 
fluorine content wLich are too high. The silica adsorbs 
the ferric chloride and should be removed first. R.L.G. 
Determination of silica in materials containing fluorine, 
especially cryolite. H. Spretnaczex. Z. Anal. Chem., 
119 [1-2]4~-16(1940).—-S. reviews the various methods used 
for the determination of silica ir substances containing 
F. These include distillation of SiF,, formation of sodium 
silicofluoride, removal of F as BF;, and colorimetric deter- 
mination of SiO; in complex compounds. On the basis of 
disadvantages inherent in these methods, a new method 
has been developed which involves the solution of the 
fluoride in a borax-potassium disulfate fusion. The BF; 
thus formed is volatilized, while silica separates out in 
the melt. This method is easily performed in a short 
time without the use of expensive apparatus. R.“.G. 
Frictional phenomena: (B, Liquids) V, Theory and ex- 
perimental facts. ANprEw Gemant. Jour. Applied 
Physics, 12 [12] 827-36 (1941).—Theories of liquid vis- 
cosity advanced by van der Waals, Andrade, Prandtl, 
and Eyring are presented. While the viscosity of gases 
is based on the collision of molecules, that of liquids is 
dominated chiefly by molecular attraction forces. Experi- 
mental material on the effect of chemical constitution, tem- 
perature, pressure, and mixture ratio on viscosity is ex- 
Plained on the basis of existing theories. Viscous flow 
changes to turbulent flow above a certain velocity. For 
Part see this issue, p. 79. ALP. 
Improvement in the determination of Li in mineral 
waters and a new method of determining Li in silicate 
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rocks. O. HAcKL. Z. Anal. Chem., 118 [1-2] 1-9 
(1940).—The method developed by L. Winkler (ibid., 
52, 628 (1913)) for measuring the Li content of mineral 
waters has been improved. A reagent consisting of potas- 
sium periodate, KOH, and FeCl, is used to ipitate 
the Li from the solution of Na and Li salts obtained in the 
analysis of silicate rocks. As little as 0.1 mgm. of Li can 
be precipitated with this reagent. R.L.G. 

Instrumental methods of chemical analysis. Ratrn 
IJ1:d. Eng. Chem., Anal. Ed., 13 [10] 
667-754 (1941).—-The remarkable advances which have 
bee: made in the application of instruments to the prob- 
lems confronting the chemist have been the topic of two 
previous communications (ibid., Oct., 1939; Oct., 1940). 
In Oct., 1940, a general discussion of instruments of all 
kinds was presented. It has become apparent that there 
is a real need for extensive, detailed discussions of various 
analytical methods. The editor has arranged for a series 
of expert reviews, several of which are in preparation. It 
seemed advisable to preface this series with a preliminary 
survey or classification designed to illustrate the con- 
temporary status of the field, to indicate the wide variety 
of techniques, and to dispel the notion that progress is 
largely confined to a certain specialty or method. It is 
apparent that there is no “‘best’’ method for any kind of 
analysis. The collaboration which M. has had in this 
compilation is evident. Several of the contributors are 
experts whose cetailed and authoritative expositions will 
follow this review. The misplaced emphasis is inten- 
tional; in most cases the amount of discussion or detail 
is in inverse proportion to the state of development of the 
topic. Some well-known instruments are still treated in 
detail for reasons that are apparent. The literature deal- 
ing with some of the better-known techniques is volumi- 
nous. A survey of modern analytical chemistry requires 
the description of instruments ranging from hydrometers 
to cyclotrons, and these devices are all eminently practical. 
The modern analyst must become familiar with a bewilder- 
ing array of techniques and at least moderately acquainted 
with the dialect of the physicist and the engineer. Illus- 
trated. See “Photoelectric ... ,"" Ceram, Abs., 


223 (1939). 

Inv of the amorphous state: XVIII, 
conductivities of amorphous and e bodies. P. P. 
Kosexo, E. V. Kuvsninsxil, anp N. 1. SHisuHxin. Jour. 
Phys. U.S.S.R., 3 [4-5] 287-97 (1940).—The variation with 
temperature of the specific resistances of borax (Na,B,O;), 
lithium acetate (CH;COOLi-H,O), and sodium potassium 
tartrate (K NaC,H,O,-4H,O) in both the amorphous and 
crystalline states was determined. The coefficient B in 
the equation log p= A + B/T is the same for both states. 
In the liquid state, log p=f(1/T). These results are dis- 
cussed on the basis of the random orientation concept of 
glass. See Ceram. Abs., 17 [4] 162 (1938); “Crystal... ,” 
this issue, p. 78. R.L.G. 

bilities of strontia in ceramics. N. J. Kreipv. 
Foote-Prints, 14 [2] 15-25 (1941).—Only seventeen ele- 
ments occur more frequently than strontium, but its use 
in ceramics has been surprisingly limited. Powdered 
celestite, carrying a minimum of 92% strontium sulfate, 
is available in large tonnages at about the same price as 
barium carbonsie. In its crystal chemistry, strontium 
resembles barium in basic surroundings and calcium in 
acidic surroundings. Partial replacement of calcium and 
barium by strontium in glasses is encouraged by the fact 
that certain properties can be achieved by increasing com- 
plexity which cannot be expected from purely additive ef- 
fects. The prevention of crystallization in barium crown 
glass is one example, but viscosity characteristics, chemical 
durability, and electrical properties are also influenced. 
Strontium aids in the fining of high-barium glasses and 
helps prevent blistering during lampworking. It may 
eliminate defects characteristic of barium glazes fired in an 
atmosphere containing sulfur. In whiteware bodies, stron- 
tium improves color and decreases shrinkage and the tend- 
ency to blister. Strontium is nonpoisonous. A.P. 

Precipitation of silicic acid by gelatin. L. Weiss anp 
H. Srecer. Z. Anal. Chem., 119 [7-8] 245-80 (1940).— 
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Silicic acid is completely precipitated in a readily filtered 
form if gelatin is added to the strongly acidic solution. 
This effect has been studied in detail with regard to such 
factors as the precipitation of small amounts of silica; 
the determination of silica in the presence of insolubie 


of in Acids of Ti, Mo, and W are 
similarly precipitated by gelatin, but stannous and stannic 
acids are not appreciably affected. In the determination of 
F ik the precipitation of CaF;, the difficulties of filtering 
and washing the precipitate are avoided by the use of a 
little gelatin. R.L.G. 
Rare earths. Norsert J. Krempri. Jour. Amer. Ceram. 
Soc., 25 [5] 141-43 (1942).—22 references. 
by ultrafilters. T. Ruemere. Z. Anal. 
Chem., 119 [9-10] 360-70 (1940).—Porcelain filters with 
collodion membranes, ceramic bodies with pores of col- 
loidal dimensions, and ultrafine filters have been used to 
fractionate a gold sol over the particle-size range 90 to 
12 wu. R.L.G. 
Zirconium oxide and thorium oxide in ceramics. Nor- 
BERT J. Kremi. Jour. Amer. Ceram. Soc., 25 {5} 129-41 
(1942).—85 references, 3 figures. 


BOOK AND SEPARATE PUBLICATION 


Condensed Chemical Dictionary. Tuomas C. Grec- 
orY, editor. Reinhold Publishing Corp., New York, 1942. 
3d ed. 756 pp. Price $12.—This book will be all-impor- 
tant during the war years. It contains scientific and com- 
mercial information on approximately 18,000 chemical 
products or raw materials and their synonyms, including 
their chemical formulas; colors; prope-sties; constants; 
specific gravities; melting and boiling points; solubility 
in water, alcohol, ether, and other solvents; preparation 
and the materials from which they are made, with a brief 
outline of the process; grades; uses; and the kinds of 
containers in which they are customarily shipped. The fire 
hazards and the railroad shipping regulations pertaining 
to each chemical are also given. New encyclopedic terms 
give information on a variety of raw materials, processing 
agents, military products, technical commercial terms, 
and important industrial processes. Another notable fea- 
ture of this edition is the inclusion of a survey of the effects 
of wartime on chemical prices. 

Symposium on New Methods for Particle-Size Deter- 
mination in the Subsieve Range. Published by American 
Society for Testing Materials, Philadelphia, 1941. 120 
pp. Price, cloth, $1.50; paper, $1.25. Methods for de- 
termining e-size distribution. HerRBert E. 
SCHWEYER AND LiIncoLN T. WorK. Pp. 1-23.—The 
authors review critically but briefly the more important 
methods of measuring particle-size distribution and spe- 
cific surface. 113 references. and surface of fine 

wders by the permeability method. P. C. Carman. 
Pp 24-35.—C. gives a full description of the permeability 
method of estimating particle surface. The limitations 
of the method have been discussed, and, while the present 
experimental evidence is inconclusive, in comparison with 
direct microscopic measurement, the method tends to give 
somewhat high values of the specific surface for very fine 
particles, particularly for very heterodisperse powders ex- 
tending down to colloidal dimensions. The agreement 
with gas-adsorption and ultramicroscopic-count methods 
on a series of zinc oxide samples was very good. The 
correlation between microscopic measurements and its 
bearing upon particle shape is discussed for certain pow- 
ders. Evidence is given for assuming that particle shape 
is independent of size for a powder formed by crushing. 
13 references. Surface area of Portland cement. Pau 
S. ROLLER AND P. V. Rounpy, Jr. Pp. 36-51.—A com- 


parison was made of the surface areas of 5 different ce- 
ments as determined by a statistical calculation from 
size-distribution data, by air permeability, by the Wagner 
turbidimeter, and by a summation calculation. The 
values obtained by the last two procedures were too low, 
as expected, especially for the finest cements. Good agree- 
ment between the statistical and the permeability values 
was obtained for 3 cements, but for 2 others the perme- 
ability values were relatively low. Recent developments 
in the determination of size distribution by fractionation 
with air are described. 15 references. Improved hy- 
drometer method for use in fineness determinations. 
ALEXANDER Kern. Pp. 52-65.—K. describes a method 
of test and a hydrometer with a new type of scale which 
have been developed for measuring the fineness of powdered 
materials. The hydrometer scale consists of units of sur- 
face area. The method of test is similar to that usually 
employed when fineness determinations are made with a 
hydrometer, but it is simplified. 5references. Determina- 
tion of subsieve particle-size distribution by sedimentation 
methods. S.W. Martin. Pp. 66-89.—The determination 
of subsieve particle-size distributions by sedimentation 
methods was characterized by the following significant 
features: (a) A weight distribution was measured directly. 
(b) The equipment was readily available and inexpensive. 
(c) By sacrificing the absolute accuracy of a cumulative 
particle-size distribution, simplified and rapid methods 
have been developed to determine accurately a relative 
degrve of fineness between different materials. (d) The 
particle-size distribution of a polydisperse pigment system 
has been shown to be a function of the dispersion tech- 
nique employed to deaggregate or suspend a pigment. 
Sedimentation methods were unique in the range of 
fine sizes, as an unequivocal distribution analysis could 
be made on a dispersion resulting from techniques which 
closely simulated the actual use of the pigment. 63 refer- 
ences. Electron microscope in the determination of par- 
ticle-size characteristics. James Hiirer. Pp. 90-94. 
New method for m the surface areas of finely 
divided materials and for dete.mining the size of particles. 
P. H. Emmett. Pp. 95-106.—The principle of the method 
depends on selecting, from an experimental adsorption 
isotherm, the volume and hence the number of molecules 
of an inert gas such as nitrogen corresponding to a mono- 
molecular layer, and a simple multiplication by the aver- 
age cross-sectional area of each molecule will yield the 
absolute surface area of the adsorbent. Particle-size deter- 
minations are possible for only nonporous absorbents. 
Surface measurements can be made on either porous or 
nonporous samples. 23 references. Specific surface of pig- 
ments by adsorption from solution. WARREN W. EwInc. 
Pp. 107-10. R.A.H. 


PATENTS 


Electrochemical method of producing white lead. G. E. 
Jounson, R. G. Bowman, ano W. J. Knox, Jr. (Inter- 
national Smelting and Refining Co.). U. S. 2,270,783, 
Jan. 20, 1942 (Dec. 6, 1937). 

Manufacturing beryllium. J. E. Bucuer (Antioch 
College of Yellow Springs). U.S. 2,270,502, Jan. 20, 194° 
(July 18, 1933; Feb. 25, 1937).—The process which com- 
prises heating an impure beryllium compound containing 
oxygen, the impurity of which is volatile upon heating, 
and simultaneously passing a current of gas containing 
carbon monoxide into contact therewith in the absence of 
reagents which would form volatile compounds of beryl- 
lium whereby impurities are removed and purified beryl- 
lium oxide is obtained. 

Preparation of zirconium dioxide. C. J. Kuvzie, R. P. 
Easton, AND V. V. Ermorr (Titanium Alloy Mfg. Co.). 
U. S. 2,270,527, Jan. 20, 1942 (Dec. 8, 1939). 


General 


spinal marrow in lead 

Corrapo Berti. Rass. Med. Applicata 
voro nd, 11, 584-603 (Nov., 1940).—B. reviews the 
literature and details his own procedure with rabbits 


poisoned with lead acetate in varying proportions; indi- 
vidual findings are tabulated for 20 rabbits. Results vary 
according to the quantities given. In very smali doses, the 
poison acts only upon the smallest cells of the spinal 
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marrow; medium or large doses affect the entire physi- 
ology of the spinal parenchyma, interfering with the 
formation of the spinal marrow and ultimately thinning 
out the red corpuscles. The toxic action is probably in 
great part indirect, appearing direct only in small parts 
of the spinal cellules. The research has a clinical value as 
well as a scientific value, as examination of the spinal 
marrow in lead poisoning gives a clue to curative possibili- 
ties, depending directly upon the quantity of poison taken 
in. K.R. 

Industrial research—its functions and demands. Wa t- 
TER J. Baeza. Chem. Industries, 47 [2] 140-42 (1940).— 
The research man in the chemical industry must have 
(1) a sound training in chemistry, physics, mathematics, 
and English and the ability to use English (or his native 
tongue) with precision, (2) a knowledge of industrial equip- 
ment and design in order to understand what is practicable 
commercially, (3) the ability to examine commercial 
factors, including markets and resources, and (4) experi- 
ence in industrial research techniques unhampered by too 
much concentration in a specialized field. E.D.M. 

Meeting of Institute of Ceramic ineers with Indus- 
trial Minerals Division, A..M.M.E. Anon. Bull. Amer. 
Ceram. Soc., 21 [2] 27-28 (1942). 

Pure research as an aid to industrial L. W. 
Bass. Chem. Industries, 47 [1] 18-20 (1940).—B. con- 
siders the relationship between pure research as carried out 
in universities and in industrially financed laboratories 
and industrial and commercial research. He estimates 
that a relatively elaborate and thorough investigation 
(such as that leading to a paper in a scientific journal), in- 
cluding a reasonable overhead, will cost about $2500. 

E.D.M. 

Science and national defense. VANNEVAR BusH. 
Jour. Applied Physics, 12 [12] 823-26 (1941).—The form 
and the spirit of the organization under which the scien- 
tists of the country are working are discussed. A.P. 

Value of the Roentgen ray in the diagnosis and prognosis 
of silicosis. W.M. Doucnury. Amer. Jour. Roentgeno!. 
& Radium Therapy, 46, 605-609 (Nov., 1941).—One of 
the indications of silicosis, according to its accepted defi- 
nition, is characteristic X-ray findings. D. explains 
these findings and tells how they are best shown. Dis- 
crete nodulation is the essential finding’ that establishes 
the presence of silicosis. Coalescent nodulation and 
conglomerate masses, emphysema, and fibrous bands are 
seen in the later stages. The Roentgen examination is of 
iittle help in the diagnosis of acute silicosis because of the 
absence of morphological changes. The X-ray picture 
when silicosis is complicated with tuberculosis is discussed 
briefly, and other diseases which may make the reading of 
the film more difficult are mentioned. Although roent- 
genological examination is necessary in the diagnosis of 
silicosis, a positive diagnosis should never be made on the 
strength of the roentgenograms alone; accurate employ- 
ment history, dust counts, percentege of free silica in the 
air breathed, and the report of a careful medical history 
and physical examination should also be ithe 

War em . Anon. Bull. Amer. Ceram. Soc., 21 
[2] 28-30 (1942).—The conversion of the resources of the 
U. S. to war work is discussed under the following head- 
ings: (1) Importance of ceramic engineering; (2) Place of 
trade associations in national defense; (3) Steel, copper, 
and rubber wasted where porcelain serves better; (4) 
Porcelain meets changing needs of industry; (5) No short- 
age in cobalt; and (6) New optical glasses. 


BOOKS AND SEPARATE PUBLICATIONS: 

Accidental Injuries—Medico- Aspects of Work- 
men’s Compensation and Public Liability. Henry H. 
Kesster. Lea & Febiger, Philadelphia, 1941. 2d ed. 
803 pp. Price $10.00.—The basic factors which are the 
foundation of the evaluation of permanent disability are 
emphasized. The book has been completely revised and 
enlarged, and special attention has been given to the chap- 
ters on traumatic neuroses and rehabilitation. The book 
ts based on K.’s experience with more than 100,000 cases 
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examined at the New Jersey Rehabilitation Clinic and 
the New Jersey Workmen’s Compensation Bureau. It 
deals mainly with the physician’s responsibility in the 
interpretation of problems such as the determination of 
the relationship between injury and disease, the period 
of temporary disability, and the evaluation of permanent 
disability. It is written not only for physicians but for 
lawyers, insurance companies, employers, industrial acci- 


by Connecticut State Medical Society and Manufacturers 
Assn. of Connecticut, Inc., April 15, 1941.—As a result of a 
study made by a joint committee of the Connecticut State 
Medical Society and the Manufacturers Assn. of Connecti- 
cut, suggestions are offered for the extension and improve- 
ment of industrial medical service. The type of service 
deals with the following activities: (1) control of plant 
environment, (2) physical examinations and supervision 
of emplovees, (3) therapy, (4) special investigations, and 
(5) education. Each point is dealt with at length. Mini- 
mum standards are advocated, and a plan is suggested for 
assisting industries in developing their individual medical 
services. F.S.M. 
Essentials of Occupational Diseases. J. V. Reep anp 
A. K. Harcourt. Charles C. Thomas, Springfield, IIl., 
1941. 225 pp. Price $4.50 postpaid.—This book com- 
prises essentially R.’s working notes on the important fea- 
tures of occupational diseases. Its value lies primarily in 
its brevity. The symptoms, diagnosis, and treatment for 
each listed health hazarj are given. Prevention is not 
considered. The major portion of the book is devoted to 
the consideration of the chemical poisons. Physical agents, 
skin lesions of occupational origin, occupational diseases 
of the lungs, malignant disease associated with occupation, 
occupational diseases due to infections, and functional 
disturbances associated with occupation are also dealt with. 
288 references. F.S.M. 
Handbook of Federal Labor Legislation. U. S. Dept. 
of Labor, Div. Labor Standards, Bull., No. 39, Part 1 
(1941). Supt. of Documents, Govt. Printing Office, 
Washington, D. C. Price 35¢.—This handbook does not 
only list the bare legal rights and duties contained in the 
laws. It is arranged by statutes and gives the main pro- 
visions affecting labor contained in the law itself and in the 
regulations issued thereunder, together with a brief descrip- 
tion of the agencies charged with enforcing or administer- 
ing the law and the procedures they use for obtaining com- 


pliance. F.S.M. 
Industrial Air Analysis—Descri of Some of the 
Chemical Methods Employed in the Laboratory. W. J. 


BURKE ETAL. Published by New York State Department 
of Labor, Division of Industrial Hygiene. Mimeo- 
graphed.—Various instruments are described and chemi- 
cal and physical procedures are presented for laboratory 
and field analyses of air. Specific methods for determining 
the following substances are described: lead, zinc, and 
copper (alone or in combination), mercury, carbon mor- 
oxide, benzene, hydrogen sulfide, carbon disulfide, formal- 
dehyde, and halogenated hydrocarbons. Methods are 
also given for determining the combustible limits of vari- 
ous gases and for the g-avimetric estimation of organic 
vapors when present singly or in known proportions. The 
physical methods include adsorption of organic vapors on 
charcoal, silica gel, etc., absorption of vapors and gases in 
liquid media, and various instrumental methods such as 
the carbon monoxide, hydrogen sulfide, and combustible 
gas indicators, the Nordlander and Woodlander mercury- 
vapor detectors, and the Tebbens combustion apparatus 
for chlorinated hydrocarbons. The methods given are 
supported by references and experimental data which 
should be of great value to the industrial we) ie 


Industrial Hygiene Activities in State and Local Health 
Departments, 1939-1940. J. J. BLoomrietp anp V. M. 
Trasko. National Institute of Health, Division of In- 
dustrial Hygiene, Bethesda, Md., 1941. 20 pp., mimeo- 
graphed.—In 1939 a plan was proposed for the uniform 


dent boards, and personnel managers. F.S.M 
Conservation of Manpower Through the Extension and 
Improvement of Industrial Medical Service. Published 
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The reports include 19 states and 2 cities. A total of 1504 
field studies was made, including nearly 100,000 workers, 
but the studies not a good means of com- 


clothing being 

tilation second. Much of the work of the health depart- 
ments and the cooperation on the part of industries does 
not fall into the regular tabulation. Practically all states 
indicated their intention to concentrate their efforts on the 
control of health hazards in defense industries, and a 
nation-wide program of industrial hygiene in defense 
industries is now in progress. See Ceram. Abs., 21 [3] 
72 (1942). F.S.M. 

1941 Year Book of Public Health. J.C. Gricer, editor. 
Inc., i , 194]. 544 pp. 
.00. the year’s activities 
is presented in only 37 pp. Each article selected represents 
a definite contribution to or activity in the problem of in- 
dustrial health conservation. Subject and author indexes 
are included. F.S.M. 

Report of Industrial Hygiene Committee, State and 
Provincial Health Authorities of North America, 1940. 
S. H. Osporn, chairman. 23 pp.—Following a brief ac- 
count of the pregress of industrial hygiene during the past 5 
years, the accomplishments of 25 states, of the provinces of 
Ontario and Quebec, and of the U.S. Public Health Serv- 
ice are listed. 

Report of the Medical Research Council for the Year 
1938 to 1939. H. M. Stationery Office, London, 1940.— 
Experience gained during the last war showed the uneco- 
nomical effects of overlong hours of work. This knowledge, 
together with information on optimum length of spell, 
the effect of rest pauses, the influence of various environ- 
mental conditions, the physiology and psychology of 
work, accident proneness, vocational selection, and labor 
wastage, is capable of practical application during normal 
times. Much of it is now of increased importance owing 
to the war, e.g., knowledge about optimum conditions 
of lighting, heating, and ventilation in relation to black- 
outs. The application of existing knowledge is more im- 
portant at present than are new researches, although the 
war is likely to raise fresh problems. The objectives of the 


investigation into pulmonary disease in miners are to de- 
termine the incidence of chronic types of these diseases, 
to elicit the cause of excessive incidence of silicosis, and 
to discover whether other disabling industrial pulmonary 
conditions exist that do not come under the present defi- 
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nition of silicosis. All suitable autopsy material is being 
examined and , and X-ray diffrac- 
tion is being in the examination of 
minerai residues of pulmonary air-borne dust, and 
rock samples. F.S.M. 

State of Maryland, First Annual of the Medical 


Occupational Diseases, 

By 1939, to Oct. 31, 1940, 
Inclusive. 75 pp., 10 tables.—This report presents a com- 
plete analysis of the 391 claims filed with the Maryland 
Medical Board for Occupational Diseases during the 17- 
month period. They are classified according to occupa- 
tion, industry, type of disease, and disposition of the 
claim. Of the total of 334 claims awarded, 186 were for 
dermatitis, 70 for disabilities due to blisters or abrasions, 
35 for bursitis or synovitis, 13 for lead poisoning or its 
sequelae, and 1 for silicosis. The tables are followed by 
digests of the 36 claims that were formally brought before 

the Medical Board. F.S.M. 
Symbols for of Chemical and Ceramic 
British Specification No. 974—1941. 
British Standards Inst., London. Price 2s Od net.—A 
series of illustrations of symbols to be used in diagrams of 
chemical plants, associated in many instances with other 
illustrations showing the part (represented by the symbol) 
in place, is given. Symbols for many appliances used in 

the cerainic industries are included. A.B.S. 
X-Ray Atlas of Silicosis. A. J. Amor. Williams & 
Wilkins Co., Baltimore, 1941. 204 pp. Price $8.00.— 
Although this book is intended primarily for the industrial 
physician, much can be learned by anyone about the dust 
diseases. A. has had many years of experience among the 
industrial population of South Wales and has kept records 
on thousands of workers. Many of the numerous plates 
will be of particular interest to those in coal-mining dis- 
tricts who must frequently express opinions on the condi- 
tion of workers apparently in perfect health-but with defi- 
nite radiological abnormalities. A short bibliography is 

appended. Illustrated. F.S.M. 
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Ceramic composition. Harry Spurrier. U. S. 2,271,- 
316, Jan. 27, 1942 (Sept. 6, 1938).—In a batch for pro- 
ducing ceramic bodies including mixed alumina and 
silica compounds and finely divided wood charcoal carbon 
in an amount less than 1'/,% by weight and more than 
one fourth of 1%. 

Heat-retarding device and method of making. E. D. 
Trutyver (American Optical Co.). U. S. 2,269,494, Jan. 
13, 1942 (Dec. 24, 1938).—A heat screen of relatively 
thin sheetlike material for projection apparatus, whose 
analysis may be expressed as P,O; 52 to 77%; material 
selected from the group consisting of CaO, BaO, and SrO 
0.1 to 12%; material from the group consisting of K,O, 
Na,O, and Li,O 0.1 to 10%; and material from the group 
consisting of Al,O;, BeO, and mixtures of Al,O, and BeO 5 
to 20% and Fe;(PO,);-8H;O 1 to 10%, which will permit 
the transmission of approximately 85 to 90% of the visible 
rays projected on the material and which will permit the 
transmission of colored light while maintaining substan- 
tially unaltered the true color value of the light. 
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reporting of state and local industrial hygiene activities. 
This report presents the first summary of material so ob- 
tained, covering the period from July 1, 1939, to June 30, 
1940. At present there are 32 states and 4 cities with 
industrial hygiene units in various stages of development. 
widely. The number and percentage of workers involved 
in the study of specific exposures are presented in a table, 
organic solvents leading with 24.2% and silica dust being 
second with 23.4% of the total. Three industry groups 
accounted for more than 10% each: iron and steel, 15.8%; 
lumber and furniture, 14.5%; and food and allied indus- 
tries, 12.4%. The number of persons affected by improve- 
ments accomplished as a result of the surveys was 38,515 
or 38.9% of the total. The types of improvements are 
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